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CONDENSATION

Our study shows that surfactant maturity, as qéiadtby the microviscosity of amniotic fluid
taken at delivery, continues to increase past tagam and that it correlates with postnatal

respiratory morbidity.

Running title:neonatal respiratory morbidity and amniotic fluid
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ABSTRACT

Objectives. The incidence of neonate respiratory morbidityoi@ing an elective caesarean
section is 2 or 3 times higher than after a vagd®ivery. The microviscosity of surfactant
phospholipids, as measured with fluorescence paitoin, is linked with the functional
characteristics of foetal surfactant and thus foktag maturity. To date, this point has
received little attention in new-borns at term. Taien of the study is to evaluate the
correlation between neonatal respiratory morbiditg amniotic microviscosity (Fluorescence
Polarisation Index) in women undergoing caesareatian after 37 weeks’ gestation.

Study design: The files of 136 women who had undergone amnimticroviscosity studies
during elective caesarean deliveries at term wa@nymised. Amniotic fluid immaturity
(AFI) was defined as a Fluorescence Polarisatidexrhigher than 0.335.

Results: Respiratory morbidity was observed in 10 babie8%j.and was independently
associated with AFI (OR: 6.11 [95% CI, 1.20-31.1§wp=0.029) and body mass index (OR:
1.12 [95% CI, 1.02-1.22] witp=0.019). Gestational age at the time of caesarebwvedy was
inversely associated with AFI (odds ratio, 0.46 Y®=onfidence interval, 0.29-0.71],
p<0.001), especially before 39 weeks, and femalelgiewas associated with an increased
risk (odds ratio, 3.29 [95% confidence intervadi8t7.31], p=0.004).

Conclusions: AFI assessed by amniotic microviscosity was sigaifily associated with
respiratory morbidity and independently correlateith shorter gestational age especially
before 39 weeks. This finding provides a physiatagrationale for recommending delaying
elective caesarean section delivery until 39 weekgestation to decrease the risk for

respiratory morbidity.
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Introduction:

The number of caesarean section deliveries is asang in both developed and developing
countries [1]. The rate of caesareans is now 20%ramce [2] and 30% in the United States
[3]. The perceived risk for the neonate is smdll puit the incidence of respiratory morbidity
following an elective caesarean section is 2 am&s higher than after a vaginal delivery [1,
3, 5, 6]. Indeed, elective caesarean anticipatesdtie of spontaneous delivery and likely
reduces the beneficial effect that labour has og adaptation [7, 8].

The mechanisms that allow for rapid clearing of tbetal lung air spaces of the amniotic
fluid remain partially unclear [9]. “Starling fors& and “vaginal squeeze” are certainly
involved. Activation of epithelial sodium channatsalveolar type Il cells has emerged as a
key event for fluid absorption and effective neahadir breathing [10]. The onset of
spontaneous labour is coupled with changes inadé&f hormonal environment that affect the
epithelial sodium channels functions [11]. Anotheteresting parameter is the physical
quality of the lung surfactant that is assessedhlymicroviscosity of the phospholipids in
new-borns. The surfactant phospholipids microviggosf amniotic fluid that is measured
with fluorescence polarisation is linked with opéihor functional foetal pulmonary surfactant
production and foetal lung maturity [12-14]. To elathis last point has received little
attention in new-borns at term.

We studied the microviscosity of phospholipids imreotic fluid with fluorescence
polarisation [13, 15]. Microviscosity was measuiada population of women undergoing
caesarean section after 37 weeks’ gestation. Teedim of this study was to evaluate the
correlation between the fluorescence polarisatiommniotic fluid and neonatal respiratory
morbidity. The second aim was to evaluate the éwoiwf fluorescence polarisation between

37 and 41 weeks of gestation.
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Materials and methods:

Patients

We prospectively obtained a sample of the amnifbticl during the caesarean surgery to
measure the microviscosity of the phospholipids aadetrospectively reviewed the clinical
files of women who had undergone caesarean sectbr® weeks’ gestation or beyond
between 1 April, 2008 and 30 March, 2009. Patiertiie were undergoing planned elective
caesareans and who experienced spontaneous labqareroature rupture of membranes
before the caesarean section were included in tindy.sWomen who were undergoing
emergency caesarean sections without labour wes@ iatluded. Informed consent was
obtained from the study participants to samplerthenniotic fluid for testing. The study
protocol was approved by the local ethics committee

The exclusion criteria were congenital malformatjohsin pregnancies, failure of the
amniotic fluid samples (too haematic for microvisgpsmeasurements) and neonatal
infection. Neonatal infection was defined as blandture positive and/or peak C Reactive
Protein (CRP) >10 mg/I collected within the first durs and/or at 48 hours of life.

Data collection

Gestational diabete was diagnosed using the 1998dWAealth Organisation criteria: oral
glucose tolerance test with a 75 g oral dose paed between the $4and the 28 week of
pregnancy; the fasting plasma glucose measuredebtfe oral glucose tolerance test begins
should be below 6.1 mmol/l (110 mg/dl), and theo2+#horal glucose tolerance test glucose
level should be below 7.8 mmol/l (140 mg/dl). Labomas diagnosed as regular uterine
contractions combined with cervical effacement ditaation of 3 cm or more. Hypertension
was defined as having a persistent systolic blo@$gure greater than 140 mmHg and/or
persistent diastolic blood pressure greater tham@@Hg. Intrauterine growth restriction (<

10" centile) and macrosomia (39Ccentile) were defined with the AUDIPOG reference
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curves [16]. The diagnosis of neonatal respirataprbidity was defined as any respiratory
disease that required medical support (with moaa 5% oxygen) for > 10 mn to maintain
neonate oxygen saturation >90% [17]. The requiredlioal supports were supplemental
oxygen, nasal continuous positive airway pressanelotracheal intubation, or exogenous
surfactant. The neonates who were admitted witpin&®ry morbidity were given chest X-

rays. The classic radiographic findings of transiéethypnea of the new-born or the
reticulogranular pattern of respiratory distresadsgpme were used to classify the chest X-
rays [18]. The patient chest X-ray files were blindeviewed by an expert (PB) for the

radiological features of tachypnea of the new-bmrrespiratory distress syndrome.

Method of obtaining the amniotic fluid sample

During each caesarean section, shortly after thstehgtomy and before the neonate
extraction, amniotic fluid was collected using ar# plastic syringe. At night, the samples
were stored overnight at 4°C, and processed thedsgxin the laboratory. At working days,

the samples were immediately processed in the dddugyr

Measuring phospholipid microviscosity in amniotic fluid using fluorescence polarisation

The amniotic fluid was centrifuged (15 mn, 3500 RRid the supernatant transferred to a
secondary tube to avoid contaminating the surfactain the phospholipids from the cells
and the vernix. The surfactant phospholipids wembelled using 1,6-diphenyl-1,3,5-
hexatriene. Then, 1 ml of amniotic supernatant added to 3 ml of working solution in a 5
ml tube. The mix was sonicated in a cup horn atirdensity of 10 watts for 1 mn to
reorganise the surfactant phospholipids in homogemndiposomes and integrate the 1,6-
diphenyl-1,3,5-hexatriene probes. The mix was imatety transferred into a quartz cell to
read the fluorescence on a PTI QuantaMaster (¢xecitavavelength 360 nm, emission

wavelength 460 nm). The polarisation filters on éeitation (k) and emission (§) sides of
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the quartz cell were alternatively used in verti@l, and E,) and horizontal (& and E)
orientations to obtain four different measuremeftfuorescence intensity: parallel vertical
intensity (lv), perpendicular vertical intensity,f), parallel horizontal intensity ) and
perpendicular horizontal intensity,{). The fluorescence data were recorded using the
FeliX32 analysis (version 1.2) software.

The polarisation anisotropy (P) was calculated thasethe ratio: P = (Ivv-glvh)/(lvv+glvh)
with g = Ihh/lhv and (g<1). P value and surfactarg inversely related to one another: a high
P value corresponded to immature lung surfactadtcamversely. The discriminatory ability
of the Fluorescence Polarisation Index for detectiegnatal respiratory morbidity was
measured using the area under the receiver opgreliaracteristic curve (data not shown).
The sensitivity and specificity values were caltedusing various cut-offs. The previous
published cut-off value of 0.335 was one of thet vatues for sensitivity and specificity for
detecting neonatal respiratory morbidity [15]. Rbis reason, we choose 0.335 for the
biological cut-off for the amniotic fluid fluoressee polarisation. The amniotic fluid

immaturity (AFI) was defined as a Fluorescence isa#ion Index higher than 0.335.

Outcome measures

The primary outcome was respiratory morbidity. Fkeeondary outcome was AFI.

Satistical analysis

Statistical analysis was performed using SAS So#we9.1 (SAS Institute, Cary, NC, USA).
The data are presented as the medians (first tpuattird quartile) for continuous variables,
and numbers with the corresponding percentagethéqgualitative variables. Our statistical
plan included using two distinct univariate anady$e assess the characteristics of the study
population that was associated with respiratoryliay and AFI. Continuous variables were

compared using the Wilcoxon rank sum test, ancc#itegorical variables were analysed with
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the chi-squared test or Fisher's exact test (asogpjate). Finally, a logistic regression model

was used to identify the risk-factors that were petelently associated with the occurrence of
respiratory morbidity and AFIl. The variables thatres found to have a p value <0.1 in the
univariate analysis were entered into the modest&i®nal diabetes was also entered in the
model, as there is an established relationship detwespiratory distress syndrome and
gestational diabetes [19]. Finally, the correlatibatween the term delivery and the

fluorescence polarisation was assessed using Pé&acsorelation coefficient. For all of the

analyses, p <0.05 was considered to be statistisaghificant.
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Results:

Characteristic of the study population

A total of 136 women were enrolled in the studyeTdverall rates of caesarean sections for
deliveries and elective caesarean sections at auersity hospital were 20.7% and 8.7%,
respectively. The mothers’ clinical characterisace summarised in table 1. The median age
of the mothers was 32 years (29-36), and their ametiody mass index at the beginning of
the pregnancy was 22.7 Kg/m2 (20.3-27.1). The nmediestational age at the time of the
caesarean section was 39.0 weeks (38.4-39.2). Butam birth weight was 3315 g (3020-
3665). The sex ratio was 1.0 (68 boys and 68 giltgjauterine growth restriction (< 10
centile) was diagnosed in 10 neonates (7.3%), aaxtoromia (>90 centile) was diagnosed
in 26 neonates (19%). Among the 26 gestations mi#dltrosomia, 9 (53%) had gestational

diabetes.

Sudy outcome

A total of 10 neonates (7.3%) showed respiratorylmality at birth or in the first hours after
birth, and required oxygen (table 2). There werkermales and 3 males; the median birth
weight was 3313 g (2905-3890), and the median tiestd age was 38.6 weeks (37.9-39.0).
Six neonates showed moderate respiratory morbidity] four showed mild respiratory
morbidity. None required tracheal intubation or heaucal ventilation. Six neonates were
hospitalised in the nearby neonatal intensive aareand four stayed in the maternity ward.
The reason for hospitalisation was continuous p@sitirway pressure necessity. Six
neonates were placed in an oxygen hood, and twevest oxygen through nasal cannulas.
Six women underwent caesarean sections becausesbtgesarean sections (third caesarean
section in 3 cases), two for breech presentatioa,fonHIV, and one for diabetes mellitus.

The Apgar scores were 9 to 10 for all of the nesmatt 5 mn. The maximal fraction of

10
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inspired oxygen required was 0.45. Chest X-raysewaken in 7 of 10 neonates. The X-rays
showed interstitial bilateral opacities compatiblgh tachypnea of the new-born in five
neonates and bronchogram in favour of mild resmiyatistress syndrome in two others
(those who had continuous positive airway pressuki)of the neonates recovered without
artificial surfactant therapy. All of the patientecovered without complications, and no
infections were confirmed (exclusion criteria). @@ of these 10 neonates had a value of
polarisation index of the amniotic fluid under &35 cut-off point (respectively 0.318 and
0.320), one was not hospitalised and had tachyphtiee new-born.

Table 3 shows the neonatal respiratory morbidityalation to the maternal and neonatal
characteristics. The duration between the beginofripe caesarean and birth was similar in
both groups (5[3-7] mn). In the univariate analysiedy mass index and the rate of AFI
(Fluorescence Polarisation Index >0.335) were Bagmtly higher in women whose infants
had respiratory morbidity. These two variables appe to be independently associated with
neonatal respiratory morbidity also in the multiggg analysis (odds ratio, 1.12 [95%
confidence interval, 1.02-1.22], p=0.019 for bodwns® index, and 6.11 [95% confidence
interval, 1.20-31.11], p=0.029 for AFI). The sendty and specificity of the fluorescence
polarisation index above 0.335 for detecting nealnegspiratory morbidity were 80% and
64%, respectively.

Maternal and neonatal characteristics according\fd groups are presented in table 4.
Shorter duration of gestation with caesarean dslibefore 39 weeks, lack of labour before
the caesarean delivery, female gender, and respjiratorbidity were significantly associated
with AFI in the univariate analysis. In the multnate analysis, gestational age at the time of
caesarean delivery was inversely associated with (A8ds ratio, 0.46 [95% confidence
interval, 0.29-0.71], p<0.001), female gender wssoaiated with an increased risk of AFI

(odds ratio, 3.29 [95% confidence interval, 1.481], p=0.004), and neonatal respiratory

11
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morbidity tended to be also associated without higa@c significance (table 5). The
Fluorescence Polarisation Index reflecting the avigcosity of the lung surfactant
phospholipids decreased with the gestational agieeimt-term caesarean deliveries (figure 1).
We observed that at term, the fluorescence potatsandex appeared higher for girls than

for boys.

12
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Comments:

To our knowledge, this is the first published stedwluating the fluorescence polarisation of
amniotic fluid (reflecting foetal lung maturity) dog caesarean delivery at term. In the
present study, 7.3% of infants presented with nbmaspiratory morbidity after caesarean
delivery at term. We found that the fluorescenceapshtion of amniotic fluid was still
decreasing during the last month of pregnancy (betw87 and 41 weeks) (figure 1). AFl was
inversely associated with gestational age in palgicwhen caesareans occurred before 39
weeks of gestation. This finding provides a physiotal rational that delaying elective
caesarean delivery until 39 weeks’' gestation i®gchl strategy to decrease foetal lung
immaturity and (consequently) neonatal respiratooybidity, as proposed in previous studies
and the recommendation of the American College dfkté&ricians and Gynecologists
(ACOG) [1, 3, 5, 20, 21].

It is noteworthy that we observed a high dispersibmolarisation index values (figure 1).
This dispersion most likely reflects causes othantthe quality of the amniotic fluid
surfactant in relation to foetal lung maturity. Weund that the microviscosity of
phospholipids in amniotic fluid measured by fluam@sce polarisation (figure 1 and tables)
lower for male than female infants at term. Thisding suggests a higher maturity of
phospholipids in amniotic fluid for male infantstlvi37-38 weeks. However, most of the
published studies for preterm or term neonates ghaivthe male gender is a risk factor for
respiratory morbidity and NICU admission [22, 2Bhis contradictory finding indicates that
further investigations for term neonates are rexglirAnother interesting finding is that
neonatal respiratory morbidity was significantlhs@siated with higher body mass index but
not with amniotic fluid microviscosity measured thyorescence polarisation (table 4). Some
studies also showed more respiratory morbidityhi@ meonates born to obese women [24].

These findings may indicate that respiratory matpich neonates born to women with high

13
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body mass index is related to biological events rottan the maturity of surfactant
production.

Our study has some limitations. First, this was gedr pilot proof of concept study
performed without a priori power calculation ancergfore we found a small rate of
respiratory morbidity among neonates. However, ewdtl this small sample size, we
showed that AFI was significantly associated webpiratory morbidity. Second, the concept
of a cut-off term of 37 weeks gestation abruptlgasating two different populations (from a
respiratory point of view) may be questioned. Irijebe maturity of amniotic fluid increases
continuously during the last month of pregnancguife 1). Thus, foetal lung maturity cannot
be only reduced to gestational ages greater thawe¥ks; spontaneous labour, which is
associated with lung maturation, must also be damed [8]. The concept of “early term” for
neonates between 37 weeks and 38 6/7 weeks musinb@rced to identify their immaturity
relative to those neonates at 39 weeks or gre2ibér [

In conclusion, the present study demonstratedtki®atnaturity of the amniotic fluid was still
increasing during the last month of pregnancy (betw 37 and 41 weeks). AFI was
significantly associated with neonatal respiratoiyrbidity and independently correlated with
shorter gestational age especially before 39 wexkgestation. This finding provides a
physiological rational for recommending delayingative caesarean delivery until 39 weeks

of gestation, as indicated by the ACOG recommendati
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Figure 1: A boxplot of the fluorescence polarisatimdex by gender according to the

completed gestation week at delivery.
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Table 1: Maternal clinical characteristics

Lavoue et al

Characteristics

Numbers (%)

Age (years)

 18-29

 30-39

* 40-45
Primiparous
Multiparous
Gestation week at caesarean
delivery

e 37wk-37wk+6d

e 38wk-38wk+6d

e 39wk-39wk+6d

e 40wk-40wk +6d

e More than 41 wk
Premature rupture of
membranes
Elective caesarean section
Emergency caesarean section
without labour
Labour before caesarean section
Preeclampsia
Diabetes
Smoking
Previous caesarean section
Cholestasis of pregnancy

43 (32%)
83 (61%)
10 (7%)
27 (20%)
109 (80%)

18 (13%)
44 (32%)
50 (37%)
11 (8%)
13 (10%)
12 (9%)

115 (85%)
5 (4%)

16 (12%)
3 (2%)
17 (12%)
17 (12%)
96 (71%)
1 (1%)

wk: weeks, d: days

18
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Table 2: Characteristics of neonates with respiyatoorbidity and the neonatal treatment

Week Gen Weig Apgar Hood CPAP NICU Duration Respirat POLAR

s of der ht(g) score cham admis of ory ISATIO

gestat 1/5/10 mn ber sion hospitalisa disease N

ion tion in INDEX

NICU (cut-off
0.335)

1 39 F 4,040 8/9/10 yes yes yes 2d RDS 0.337
2 38% F 2,815  8/10/10 yes no yes 1d RDS 0.339
3 39 F 3,615  9/10/10 yes no no TTN 0.348
4 38 F 2,905 10/10/10 yes no no 0.362
5 39 M 2,940 10/10/10 no yes yes 2d TTN 0.342
6 37% F 3,290 8/9/9 no yes yes 7d TTN 0.320
7 37% M 3,980 9/10/10 yes no yes 8d TTN 0.389
8 39 F 3,890 9/10/10 no no no 0.336
9 39 M 3,335  8/10/10 no no no TTN 0.319
10 37 F 2,580 10/10/10 yes no yes 2d TTN 0.354

CPAP: Continuous Positive Airway Pressure, NICU:ohetal Intensive Care Unit, F:
Female, M: male, d: days, RDS: respiratory distesgsirome, TTN: transitory tachypnea of

the neonate. Bold: polarisation index < 0.335
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Table 3: Neonatal respiratory morbidity relatednmaternal and neonatal characteristics —
Aunivariate analysis

No (%) of neonates No (%) of neonates P
with respiratory without respiratory
morbidity (n=10) morbidity (n=126)
Maternal agémedian 32.5[29.0-38.0] 31.7 [29.0-36.0] 0.326
[Q1-Q3])
Diabetes 2 (20%) 15 (12%) 0.613
Current smoker 2 (20%) 15 (12%) 0.613
Body mass index 26.9 [21.2-34.9] 22.5[20.3-26.7] 0.039
(median [Q1-Q3] )
Weeks of gestation 38.6 [37.9-39.0] 39.0 [38.4-39.4] 0.077
(median [Q1-Q3] )
Weeks of gestation < 39 6 (60%) 55 (44%) 0.343
Premature rupture of 0 (0%) 12 (10%) 0.599
membranes
No labour before 10 (100%) 110 (87%) 0.606
caesarean delivery
Female infant 7 (70%) 61(48%) 0.325
Foetal growth restriction 0 (0%) 10 (8%) 1.000
Macrosomia 3(30%) 23 (18%) 0.402
FPI > 0,335 8 (80%) 45 (36%) 0,014

Bold: p < 0.05, Q1: first quartile, Q3: third qubat FPI: fluorescence polarisation index
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Table 4: Fluorescence polarisation index (FPI) argir lower than 0.335 related to maternal,
neonatal characteristics and neonatal respiratanpidity — A univariate analysis

No (%) of neonates No (%) of neonates P
with FPI >0.335 with FP1< 0.335
(n=53) (n=83)

Maternal characteristics
Maternal Age(median 32.0[29.0-35.0] 32.0[29.0-36.0] 0.773
[Q1-Q3])
Diabetes 8 (15%) 9 (11%) 0.598
Current smoker 6 (11%) 10 (12%) 1.000
Body Mass Index 23.8[20.3-27.0] 21.9[20.2-26.6] 0.398
(median [Q1-Q3])
Weeks of gestation 38.7 [38.0-39.0] 39.1 [38.7-40.0] <0.001
(median [Q1-Q3])
Weeks of gestation < 39 32 (60%) 28 (35%) 0.004
Premature rupture of 3 (6%) 9 (11%) 0.362
membrane
No labour before 51 (96%) 68 (84%) 0.046
caesarean delivery

Neonatal characteristics
Female infant 37 (70%) 31 (38%) <0.001
Restriction of foetal 5(9%) 5 (6%) 0.404
growth
Macrosomia 11 (21%) 15 (19%) 0.824
Neonatal respiratory 8 (15%) 2 (2%) 0.014
morbidity

Bold: p < 0.05, Q1.: first quartile, Q3: third qubat FPI: fluorescence polarisation index

21



Lavoue et al

Table 5: Fluorescence polarisation index greatar €ha35 related to maternal and neonatal
characteristics — A multivariate analysis

Fluorescence polarisation index > than 0.335

OR 95%ClI P
Female infant 3.29 1.48-7.31 0.004
Weeks of gestation 0.46 0.29-0.71 <0.001
Neonatal respiratory morbidity 4.48 0.83-24.24 Q.08

OR: odds ratio, ClI: confidence interval, bold: p.85
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