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ABSTRACT

Objectives: The aim of the paper was to assess nasal and oral amniotic fluid flows, with the use of color ultrasound and
spectral Doppler, in normal fetuses.

Material and methods: Forty-six fetuses of singleton gestations were studied prospectively. Spectrum imaging and maximal
nasal fluid flow velocities were described. Episodes of regurgitation (external flow from the mouth), swallowing (internal
flow at the level of oropharynx and then entrance to the esophagus) were evaluated in two groups: Fetuses < 27 weeks of
gestation and 27 weeks of gestation and older. Statistical analysis was done using Fischer exact test and t-test at p = 0.05.

Results: Twenty-one fetuses were < 27 weeks of gestational age and presented mean maximal both inspiratory and
expiratory nasal fluid flow velocities significantly lower than twenty-five fetuses who were > 27 weeks of gestational age
(p=0.035and p =0.031 respectively, t-test). Episodes of regurgitation were observed more frequently in group of “younger”
fetuses (p =0.006, Fischer exact test). There was no statistically significant relationship between irregular nasal flow spectrum
by color Doppler and gestational age group (p = 0.264, Fischer exact test).

Conclusions: Episodes of regurgitation occurred in normal fetuses < 27t week of gestation. Fast amniotic nasal fluid flows
without episodes of regurgitation were observed more frequently in fetuses > 27 weeks and it could be interpreted as
an additional sonographic feature of prenatal maturation.
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INTRODUCTION

Prenatal ultrasound allows fetal assessment from the
first trimester of pregnancy. The prenatal diagnostics, both
ultrasound and echocardiography allows an early evaluation
of structural and functional development and defects as well
as other pathologies [1-3].

An important indicator of fetal well-being is amniotic
fluid volume assessed during the sonographic examination
[4], expressed by amniotic fluid index (AFI) [5].The most
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important mechanism of amniotic fluid resorption is its
swallowing by the fetus [6].

Breathing movements resulting in fluid flow in the upper
respiratory tract are observed in fetuses and may indicate
proper growth and maturing of the respiratory system [7].

Prenatal assessment of fetal head and neck by ultraso-
und has mainly focused on the visualization of anatomical
structures [2]; however observation of fetal behavior, i.e.,
nasal and oral fluid flow with the use of color Doppler and
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spectral Doppler may be an additional component of fetus
examination as suggested by Kalache [8].

Objectives
The aim of the current research was to assess qualitative
and quantitative nasal and oral fluid flows with the use of
color and spectral Doppler ultrasound in two age groups
of normal fetuses.

MATERIAL AND METHODS

The study was conducted with the use of methods
approved by the Bioethics Committee of our University.
Authors have complied with the World Medical Association
Declaration of Helsinki regarding ethical conduct of research
involving human subjects. Informed consent was received
from all patients in this study.

This was a prospective observational study of a group
of singleton fetuses with no anomalies on sonographicand
echocardiographic examination. Fetuses with structural
defects, a difference in gestational age and biometrical age,
abnormal AFl index, multiple pregnancies, and functional
anomalies were excluded. The study fetuses were divided
into two groups: fetuses < 27 weeks (15t and 2" trimesters)
and equal to and older than 27 weeks (3™ trimester), based
on the last menstrual period and confirmed by biometry.

The examinations with color and spectral Doppler of
nasal and oral flows of amniotic fluid were carried out in
the Department of Diagnosis and Prevention of Congenital
Malformations as an additional part of the routine ultraso-
und and echocardiography by the same ultrasonographer
on the GE Voluson Expert 730 [9] or Philips HDI 5500 [10]
sonographic equipment with maximum angle of analysis of
30 degrees. The qualitative and quantitative analyses were
performed offline.

Episodes of fluid flow were assessed during 3-5 minutes
observation of the fetus’ profile in sagittal scan. Nasal and
oral fluid flows were recorded as cine or frozen scans sho-
wing the direction of the amniotic fluid flow. Next by using
apulsed Doppler sample gate at the level of middle of nasal
cavity maximal velocity was measured in both directions

Table 1. Data on 46 normal fetuses

(Vmax in cm/s). In addition, by color Doppler, episodes of
regurgitation (external flow at the mouth level) as well as
swallowing (internal flow at the level of oropharynx and then
entrance to the esophagus) were registered.

The waveforms in spectral Doppler were analyzed for
nasal amniotic fluid flow and described as irregular or regu-
lar spectrum (at least three subsequent waveforms similar
in duration and amplitude of fluid flow velocity). Episodes
of a rapid rate flow like regurgitation, spectrum of nasal
amniotic fluid flow, both inspiratory and expiratory Vmax,
and gestational age were analyzed. For statistical analysis
Fischer exact test and t-test were used at p = 0.05.

RESULTS

The initial group included 63 fetuses from singleton
pregnancies, but nasal fluid flows were registered and ana-
lyzed in 46 "awaken” fetuses.

The mean age of the pregnant women was 32 years
2 months + 5 years (range: 22-44 years). All women were
white-Polish primigravidae with low risk of complications
with no medical history, with normal prepregnancy BMI
(body mass index: 18.5-24.9), no smoking history and no
gestational diabetes or hypertension or any medication.

By ultrasound examination there were 22 (48%) male
fetuses and 24 (52%) female fetuses, with a mean age of
28 + 6 weeks (range: 12-39 weeks). There were 21 younger
fetuses with gestational age less than 27 weeks (1%, 2"
trimesters) and 25 older fetuses at the 27t week and more
(3" trimester). The mean AFl was 12.9 cm * 1.4 cm (range
10-16 cm) (Tab. 1).

In all 46 fetuses during an active state (not sleeping) nasal
bidirectional fluid flow was observed. In addition in 6 (13%)
of the fetuses regurgitation was also seen. Episodes of regur-
gitation were registered in fetuses less than 27 weeks (Fig. 1).

There was statistically significant relationship between
episodes of fluid regurgitation by color Doppler and gesta-
tional age related to 1%, 2™ (less than 27 weeks old) and 3™
trimesters (27t week and more), p = 0.006, Fischer exact test.

Also episodes of swallowing were observed in small
number (7-15%) of older fetuses (27" week and more).

White-Polish

Primigravidae

No medical history

Low risk of complications

Normal prepregnancy BMI

No smoking history

No gestational diabetes or hypertension

Aged: 32 years 2 months =+ 5 years (range: 22-44 years)

(range: 12-39 weeks)

3 22 (48%)
Q 24 (52%)

129cm*=14cm
(range: 10-16 cm)

28 + 6 weeks
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Figure 1. Episodes of regurgitation by Doppler ultrasound in younger
fetuses (younger than 27t week) and older fetuses (27t week and older)
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Figure 2. Regular or irregular nasal amniotic fluid flow by spectral
pulsed Doppler in younger fetuses (younger than 27t week) and
older fetuses (27" week and older)

In 37 fetuses (80%) pulsed Doppler spectrum of nasal
amniotic fluid flow was regular whereas in 9 (20%) it was
irregular. Irregular spectrum of nasal fluid flow was observed
mostly in younger fetuses of less than 27t gestational week
(aged: 12,22.5; 25; 25.6; 26.4; 26.5 weeks) and only in 3 older
fetuses (30.2, 36.2 and 33 weeks) (Fig. 2).

There was no statistically significant relationship between
irregular nasal flow spectrum by color Doppler and gesta-
tional age related to 1%, 2" (less than 27 weeks old), and 3™
trimesters (27t week and more), p = 0.264, Fischer exact test.

Greater mean maximal velocities of both inspiratory and
expiratory nasal amniotic fluid flows were observed in older
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Figure 3. Fetus aged 25.6 weeks. AFI = 15. Nasal flow by color
Doppler and spectral Doppler in the sagittal plane. Irregular
bidirectional fluid flow at the nose level, inspiratory Vmax 18 cm/s,
expiratory Vmax 25 cm/s
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Figure 4. Fetus aged 37 weeks. AFl = 12. Nasal flow by color Doppler
and spectral Doppler in the sagittal plane. Regular bidirectional fluid flow
at the nose level, inspiratory Vmax 40 cm/s, expiratory Vmax 60 cm/s

fetuses (Fig. 3, Fig. 4). Statistically significant difference in
mean maximal inspiratory fluid flow velocities was found in
a group of fetuses less than 27 weeks and older. There was
also statistically significant difference in the mean expiratory
maximal velocities between younger fetuses of less than 27th
week of gestational age and older (Tab. 2).

Table 2. Mean maximal nasal amniotic fluid flows’ velocities in younger fetuses (younger than 27t" week) and older fetuses (27t week and older)

Inspiratory nasal fluid flow

Mean maximal nasal fluid flow velocities in a group of
fetuses younger than 27t week (21)

Mean maximal nasal fluid flow velocities in a group of
fetuses at 27t week and older (25)

Difference in mean maximal nasal fluid flow velocities
found in a group of fetuses younger than 27th week
and fetuses at 27" week and older (p value, t-test)

26 cm/s £ 9.7 cm/s (range: 5-40 cm/s)

31.8 cm/s + 8.1 (range: 20-50 cm/s)

Expiratory nasal fluid flow

26 cm/s £ 8.5 (range: 5-40 cm/s)

32.4cm/s £ 11.2 (range: 15-60 cm/s)

p=0.035 p=0.031
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DISCUSSION

The first attempts to assess nasal fluid flow in fetuses
by ultrasound date back to the1990s [7]. Cosmi published
an observation of fetal breathing movements on a change
in the position of the chest and abdomen as well as fluid
flow in the nose. However, he did not present qualitative or
quantitative assessment of the fetal nasal fluid flow [11, 12].

Prenatal evaluation of the nasal cavity and a part of
throat allows good observation of nasal fluid flow and fetal
swallowing is optimized in a sagittal cross-section asses-
sment by two-dimensional Doppler ultrasonography [13].
Movements of“colored”fluid against the background of grey
anatomical structures enable not only observation of stages
of the swallowing reflex but also assessment and recording
of physiological activities of fetal upper respiratory and
digestive tracts [14].

For better practical evaluation and future application
of our results, the study group was divided into younger
fetuses (less than 27 weeks old) and older fetuses (27t
week and more).

Suzuki stressed the importance of nasal fluid flow exa-
mination by ultrasonography with spectrum assessment to
evaluate fetal respiratory tract functions. The author found
that a regular pattern of fetal nasal fluid flow was charac-
teristic in the 39 trimester of gestation [13]. In our study
on normal fetuses by sonographic and echocardiographic
examination at the 27" and more weeks of gestation, irre-
gular fluid flow in the upper respiratory and digestive tracts
was found very rarely.

The sonographic examination of nasal and oral fluid
flows may be hampered by a difficult position of the fetal
head. Badalion described patterns of perinasal fluid flow
observing inspiration and expiration stages over a long
period of time [15]. We assessed nasal and oral fluid flows in
a3 — max 5 minute“additional examination”and it was not
possible to obtain the datain all 63 fetuses who qualified for
the study, but it was possible in 46 “awaken” fetuses (73%).

Phylogenetically, the swallowing reflex is an old reflex
[6, 16]. At the same time fetal breathing movements, which
cause fluid flow in the upper respiratory and digestive tracts
and observed already in the 15t trimester suggest that there
has been proper growth and maturation of both the lower
and upper tracts and their connections with the amniotic
fluid cavity. Coordination of these reflexes appears and
develops in intrauterine life and depends on appropriate
development of anatomical structures of the respiratory
and digestive tract structures as well as the nervous sys-
tem [17]. It may account for more frequent episodes of
regurgitation and irregularity of nasal fluid flow spectrum
in younger fetuses, as the neural control mechanisms have
not yet fully developed.

In our observation nasal amniotic fluid flow was much
more frequently observed comparing to the swallowing,
which was ascertained only in older fetuses. It may suggest
a hypothesis that from ontogenetic point of view human fe-
tus may mature earlier for respiration than for digestion
function. The topic warrants further research.

Registering of fluid flow in the upper respiratory tract
with use of Doppler ultrasound is easy but its assessment
appeared to be difficult. We present an old ultrasound tech-
nique to study new aspects of fetal physiology, which might
be useful for a better understanding of normal and abnor-
mal fetal behavior. Our studies also confirm the possibility
of fetal nasal and oral fluid flow assessment by color and
spectral Doppler ultrasound. Perhaps if it were included in
the fetus’ prenatal “physiological” assessment it would be
possible in the future to detect anomalies leading to the
congenital central hypoventilation syndrome (CCHS) also
referred to as Ondine’s syndrome.

The current studied population consisted only of normal
fetuses, of mothers who were primigravidae with no medical
history and with no medications.

Possibly nasal and oral amniotic fluid assessment by
Doppler would be a useful tool in the prenatal neurologic
assessment on a longitudinal basis. It should also be verified
for fetuses with anomalies.

CONCLUSIONS
Episodes of regurgitation occured in normal fetu-
ses < 27t week of gestation. Fast amniotic nasal fluid flows
without episodes of regurgitation were observed more fre-
quently in fetuses > 27 weeks and it could be interpreted as
an additional sonographic feature of prenatal maturation.
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