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ABSTRACT

BACKGROUND: This study aims to assess the rate of gastric emptying in pregnant women in the third trimester sched-
uled for elective caesarean section (CS), in view to highlight the aspiration risk.

METHODS: A prospective case-control study, with the approval of the Ethics Committee, was performed. At term preg-
nant women (group A) scheduled for CS and volunteer controls were recruited (group B). The ultrasonographic measure-
ment of the antral area was performed, after a standardized meal, with a Convex probe. The antrum was displayed in the
sagittal or parasagittal projections in the right upper quadrant, medial to the mid-clavicular line. The diameters of the
antrum were measured and then the antral area was calculated. The measurements were conducted at 10 (T1), 90 (T2) and
240 (T3) minutes from the meal. Anthropometric data were collected for each patient.

RESULTS: In group B, antrum distention was observed already after 10 minutes from the meal, and then a gradual de-
crease in the antral area until 4 hours after the meal was registered. On the contrary, in group A (at term pregnant) there
was an initial smaller increase of antral area, followed by a greater increase that lasts up to 90 minutes, and finally a
delayed and smaller reduction.

CONCLUSIONS: In pregnant women at term, the stomach does not seem to be able to expand immediately after the
meal. The transit of food is completed later than in not pregnant women. The ultrasound of the stomach allows identifying
delays gastric emptying and highlighting patients at risk of aspiration.

(Cite this article as: Barboni E, Mancinelli P, Bitossi U, De Gaudio AR, Micaglio M, Sorbi F, et al. Ultrasound evaluation
of the stomach and gastric emptying in pregnant women at term: a case-control study. Minerva Anestesiol 2016;82:543-9)
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n order to assess the risk of aspiration at the

bedside, ultrasound evaluation of the stom-
ach has gained attention in recent years.

Recently, Cubillos et al. have suggested ul-
trasonography as a tool to obtain qualitative
and quantitative information about the gastric
contents.!

Bouvet ef al. define the risk of aspiration of
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gastric contents such as the presence of solid
material or a volume of gastric fluids greater
than 0.8 mL/kg2. Moreover they have reported
a significant correspondence between the an-
trum area measurement, antral cross-sectional
area (CSA), and the gastric volume. They de-
termined a cut-off of the antral CSA of 340
mm? for significant risk of aspiration.2
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It has stated recently that the risk of aspira-
tion in pregnant women at term is low and that
the restriction of food during labor is not justi-
fied.3- 4 However, physiological characteristics
of pregnant women suggest that ultrasound
evaluation of the stomach can help in risk as-
sessment.

In recent years, ultrasound came power-
fully into clinical practice of anesthesiologists
with many applications. In pregnant women,
in whom the degree of filling of the stomach is
supposed more than proved, could be a useful
method for direct visualization of the gastric
contents and for the assessment of the risk of
aspiration.

This study aims to assess the rate of gastric
emptying in two groups of patients: healthy
volunteers of childbearing age and pregnant
women in the third trimester scheduled for
elective caesarean section (CS). Ultrasound
visualization of the size of antral CSA at dif-
ferent times of observation after a normal meal
of standard volume was adopted to determine
the gastric emptying in both groups.

Materials and methods

This is a prospective case-control study per-
formed at Careggi University Hospital con-
ducted from March 1, 2015 to April 1, 2015.
The study has obtained the approval from the
Ethics Committee of the University Hospital of
Careggi in Florence (prot.n. OSS 15027) and
the informed consent by each woman was ob-
tained. Cases (group A) were pregnant women
at term scheduled for CS consecutively col-
lected during observation period, aged more
than 18 years, ASA I and Il with an informed
consent in the clinical record.

For each patient, a volunteer control was re-
cruited (group B) according to the following
match criteria: BMI (£1), age (10 years) and
childbearing age, female gender.

Exclusion criteria for the study group were:
fetal growth retardation and preterm pregnan-
cy.

Exclusion criteria for both cases and con-
trols were: lack of informed consent, patients
aged less than 18 years, emergency setting,
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history of at least one of esophageal disease,
functional dyspepsia, gastric ulcer disease,
gastrointestinal cancers, autoimmune diseases
or diseases of the central nervous system.

The ultrasonographic measurement of the
antral CSA, according to method described
by Bouvet et al.2 and Arzola et al. 5, was per-
formed in each woman.

The measurement was performed by the
same doctor who had six months of experience
in the procedure; he has used the same ultra-
sound machine (MyLab™30 Gold - Esaote)
with a convex probe in setting abdominal at a
frequency of 2.0-5.0 MHz.

Patients were positioned supine and on the
right side with the head of the bed rose 45 de-
grees above the level, similarly to as already
reported in previous studies.2 > The antral CSA
was displayed in the sagittal or parasagittal
projections in the right upper quadrant, medial
to the mid-clavicular line. Sonographic land-
marks such as the liver, aorta, vena cava, pan-
creas, and superior mesenteric vessels were
used to identify antrum in the scanning area.
The diameters of the antrum were measured
and then the antral CSA [(D1 x D2 x ) / 4] ¢
was calculated.

The measurements were performed after a
standardized meal that had been preceded by at
least six hours of fasting (dinner). A standard-
ized meal was defined as a pasta dish of 70 g,
a main course of meat (150 g) and a salad side
dish more 2 glasses of water (300 mL) for an
intake of calories equivalent to about 450 kcal,
of which 10 g of lipids, 55 g of carbohydrate
and 35 g of protein. Women were required to
take the meal in a measured time of 10 min-
utes. The measurements were conducted, by
the same investigator with six months experi-
ence, at 10 (T1), 90 (T2) and 240 (T3) minutes
from the meal (Figures 1-6). This differs from
what has been done in other studies: Arzula et
al. have evaluated pregnant patients with an
empty stomach, or who have took only clear
liquids or solid foods such as a small muffin
and coffee with cream or milk, while Bouvet
et al. have enrolled adult patients undergoing
elective or emergency surgery under general
anesthesia.
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Figure 1.—Antral cross sectional area (CSA) measured with ~ Figure 2.—CSA measured with ultrasonography in a preg-

ultrasonography in a pregnant woman (group A) at T1: 10 nant woman (group A) at T2: 90 minutes after a standard

minutes after a standard meal. meal. The posterior wall of the stomach, as we expected, is
not well viewable.

Figure 3.—CSA measured with ultrasonography in a preg-  Figure 4—CSA measured with ultrasonography in a volun-
nant woman (group A) at T3: 4 hours after a standard meal. tary (group B) at T1: 10 minutes after a standard meal. It is
viewable the typical “starry night” appearance.

[FACTORY CA430

Figure 5.—CSA measured with ultrasonography in a volun-  Figure 6.—CSA measured with ultrasonography in volun-
tary (group B) at T2: 90 minutes after a standard meal. tary (group B) at T3: 4 hours after a standard meal.
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TABLE L.—Anthropometric parameters. Comparison be-
tween two group of women. Group A: pregnant women
at term scheduled for caesarean section; group B: for
each patient, a volunteer control recruited according
to the following match criteria: BMI (£1), age (10
years) and childbearing age, female gender:

Group A

(pre-pregnancy) Group B P
Age (years) 33.7+3.8 31+2.8 NS
Weight (kg) 59.9+6.6 61£5.9 NS
Height (cm) 167.5+£9.2 165.3+5.3 NS
BMI 21.4£2.5 22.3+1.9 NS

Anthropometric data (such as age, current
and pre-pregnancy weight, height, current and
pre-pregnancy BMI), the presence of simul-
taneous diseases (other than those included
in the exclusion criteria) and drugs affecting
gastric emptying, were collected for each pa-
tient.

Data were reported as mean (£standard de-
viation). The sample size was calculated with
SPSS 10.0 to obtain a power of 90% and a
probability of type I error of 0.05 for case-con-
trol studies. ANOVA and #-Student tests were
used to compared continues variables between
the two groups. The significance was assigned
to P-value lower than 0.05.

Results

Ten pregnant women scheduled for CS and
ten volunteers were enrolled.

The two groups of patients did not differ sig-
nificantly for other as regards the age (group
A vs. group B: 33.7£3.83 vs. 31+2.83 years;
P=NS), the weight (pre-pregnancy group A vs.
group B: 59.9+6.64 vs. 61+5.90 kg; P=NS),
the height (group A vs. group B: 167.50+£9.20
vs. 165.30+£5.27 cm; P=NS) and BMI (pre-
pregnancy group A vs. group B: 21.41+£2.46
vs. 22.32+1.90; P=NS) (Table I).

During the observation period no patient
was reported to be suffering from any disease
or taking drugs that affect gastric emptying
times.

In group B, antrum distention was observed
already after 10 minutes from the meal, and
then a gradual decrease in the volume until 4
hours after the meal was registered (Figure 7).
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Figure 7.—Antral cross sectional area measured with ultra-
sonography after standard meal in two groups of women.
Group A: pregnant women at term, group B voluntaries in
childbearing age; T1: 10 minutes after the meal, T2: 90 min
after the meal, T3: 4 hours after the meal. *P<0.05.

On the contrary, in group A there was an
initial smaller increase of antral CSA (group
A vs. group B, T1: 12.594£7.33 vs. 6.89+£3.48
cm?; P<0.05), followed by a greater increase
that lasts up to 90 minutes, and finally a de-
layed and smaller reduction (T2: group A vs.
group B: 7.62+7.09 vs. 9.6443; P<0.05; T3:
group A vs. group B: 2.60+0.86 vs. 5.27+2.13
cm?; P<0.05) (Figure 7, Table II).

Concerning antral CSA differences be-
tween the two groups at each time-lapse, sig-
nificant differences were observed during the
first 90 minutes and during the entire period
of observation (group A vs. group B: antral
CSA A T2-T1=-4.9846.39 vs. -2.74+3.2 cm?2,
P<0.05; A T3-T2=-5.01+6.89 vs. -4.37£3.05
cm?2, P<0.05; and A T3-T1=-9.99+7.38 vs.
-1.62+3.89 cm?; P<0.05) (Figure 8, Table II).

Discussion

Due to the physiological changes of preg-
nancy, pregnant women are considered, by
definition, “with a full stomach” regardless of
the hours of fasting. In particular, the modifica-
tions of the gastrointestinal system are related
to the growth of the uterus, mainly on the right
side. As a result, the stomach and the intestinal
loops are pushed cranially at the top and to the
left side. The lifting and rotation of the stom-
ach reduces the effect of “valve narrowing” at
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TABLE Il.—Differences in antral cross sectional area
measured with ultrasonography after standard meal
in two groups of women. Group A: pregnant women
at term; group B: voluntaries in childbearing age; T1:
10 minutes after the meal, T2: 90 min after the meal,
T3: 4 hours after the meal.

Antral area difference T2-T1 T3-T2 T3-T1
Group A (cm?) -4.98+6.39 -5.01+6.89 -9.99+7.38
Group B (cm?) -2.74+3.2 -4.37+£3.05 -1.62+3.89
p P<0.05 P<0.05 P<0.05

the esophagus-gastric junction, with less hin-
drance to reflux.

The mechanical alterations are associ-
ated with changes in hormonal status typical
of the pregnancy. Progesterone and estrogen
produced by the placenta lead to a reduction
in muscle tone of the entire gastrointestinal
tract.” Particularly, the gestational hormonal
status relaxes the smooth muscle of the lower
esophageal sphincter, reducing the pressure
barrier that normally prevents acid reflux.
Furthermore, there is a higher concentration
of gastrin, a hormone able to increase the vol-
ume and acidity of gastric secretions, due to
an ectopic production form the placenta.

Although most authors agree in defining the
slowing gastric emptying as typical of preg-
nancy, there are studies that do not confirm
this theory.8. ¢ Furthermore, literature data re-
port the risk of aspiration in pregnant women
as low 3 and, as a result, it has been stated that
the food restriction during labor is not justi-
fied.4

On the contrary, the data collected in our
study confirm that gastric emptying in women
at the end of pregnancy is slowed down. This
is, in our opinion, the major finding of the
study.

Unfortunately, the calculation methods of
the gastric volume 10 do not apply to pregnant
women because of the position of the uterus
that changes the anatomical site of the stom-
ach. Nevertheless, the ultrasound evaluation of
the antral area, in the light of our results, ap-
pears to give meaningful information on gas-
tric emptying times and on dynamics of diges-
tion in women at term pregnancy. These results
are significant because they highlight the need
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Figure 8.—Differences in antral cross sectional area meas-
ured with ultrasonography after standard meal in two groups
of women. Group A: pregnant women at term, group B
voluntaries in childbearing age; T1: 10 minutes after the
meal, T2: 90 min after the meal, T3: 4 hours after the meal.
*P<0.05.

for caution on the part of anesthesiologists in
the management of pregnant women in respect
of risk of aspiration.

In fact, in the study group we have observed
a late gastric emptying that occurred in a slow
and incomplete manner: four hours after the
meal antral area was significantly greater than
that of non-pregnant women (Figure 7) and
the area reduction between T3 and T1 was
only 1.62 cm? in pregnant women against 9.91
cm? reduction observed in the control group
(Figure 8).

The data collected confirm that the mechan-
ical push of the uterus on the stomach may
result in a delayed gastric emptying after the
meal and that women at term of pregnancy
should be considered “at full stomach” af-
ter a few hours after eating (at least for the 4
hours).

Therefore, our results confirmed the need
to allow only small volumes of clear liquids
during labor, as previously stated,!! and, espe-
cially in patients at increased risk of operative
delivery or CS.

The conduction of this study has confirmed
what has been observed in the literature:!. 12-20
the ease of implementation and the utility of
the ultrasound analysis of the times of gastric
emptying. In particular, the difference ob-
served between emptying times in non-preg-
nant women and those in pregnant, emphasiz-
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es that the gastric ultrasonography should be
part of the anesthesiologists armamentarium
in order to evaluate the state of filling of the
stomach before general anesthesia for CS and,
whether the risk of aspiration is too high, pre-
pare the anesthetic techniques more indicated
to minimize the risk.

In fact, even if the spinal anesthesia is the
most suitable technique in cesarean section, re-
maining rare indications to general anesthesia
in which the risk of aspiration is urgent.

The technique of gastric ultrasound is not
simple and must still be learned through a
training which requires the execution of at
least 30 investigations.2! Therefore, learn this
technique should be a common goal in order
to reduce the risk of aspiration even in the rare
cases of general anesthesia.

Some limitations of this study exist. The
visualization of an empty stomach can be dif-
ficult, and its measurement impossible. We
have therefore chosen not to measure the gas-
tric antrum on an empty stomach. The number
of measurements is small but the difference
of the measures in the two groups of patients
at the observation times was so evident as to
reach the significance even with a small sam-
ple.

Future researches are needed to improve
the imaging technique and correlate the de-
gree of filling the stomach with the actual risk
of inhalation. These studies should also con-
sider the type of meal assumed (in terms of
caloric intake and nutrients) in order to high-
light a more accurate correlation between the
type of meal assumed and gastric emptying
times; this could be useful in future to advise
pregnant women about the type of feeding to
follow.

Conclusions

The ultrasound of the stomach is a diag-
nostic tool for the anesthesiologist at the end
of pregnancy. It allows identifying delays
gastric emptying and highlighting patients at
risk of aspiration in the course of cesarean
delivery.

the stomach allows us to highlight indirect-
ly the presence of gastric contents.

tents can be particularly useful in pregnant
women that have to be subjected to surgical
procedures.

tying in pregnant women is significantly
slowed down.

could be a valuable aid for anesthesiolo-
gists in the evaluation of pregnant women.

Key messages

— The ultrasonographic assessment of

— Detect the presence of gastric con-

— Our study showed that gastric emp-

— The ultrasound study of the stomach
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