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The Fetal Stomach Circumference/Abdominal
Circumference Ratio : A Possible Parameter
in Assessing Fetal Stomach Size

Gokhan Pekindil', Fiisun Varol’, Mehmet Ali Yiice?,
and Turgut Yardim®

Nonvisualized, dilated or even a small fetal stomach can be associated with a variety of anom-
alies and poor fetal outcome. Therefore, we attempted to evaluate the stomach circumference
(SC) / abdominal circumference (AC) ratio to assess normal limits of fetal stomach size. A total
of 363 fetuses ranging from 15 to 39 weeks’ gestation were prospectively evaluated with ultra-
sonography. The SC was measured from a plane that is perpendicular to the fetal longitudinal
axis at the level where the largest axial circumference of the stomach was obtained using a
digitizer. The AC was also measured at the same section and the ratio was calculated by dividing
the SC by the AC and multiplying by 100. The SC increased linearly from 15 to 24 weeks and
showed fluctuations in size thereafter to 39 weeks. A strong correlation was noted between
gestational age and both SC (r: 0.842, P <0.0001) and AC (r: 0.975, P<0.0001). The SC/AC
ratio was normally distributed with a mean of 20.4£3.9% and ranged between 14.8% and
27.03% throughout pregnancy (r: 0.021, P>0.05). Although the fetal stomach is a dynamically
changing organ, the SC/AC ratio can be considered as a potentially useful parameter in assessing
fetal stomach size.
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Since a nonvisualized fetal stomach can be associ-
ated with a variety of fetal anomalies and poor fetal
outcome, and marked dilation of the fetal stomach
can be observed in cases of gastrointestinal obstruc-
tion such as duodenal atresia, the American Insti-
tute of Ultrasound in Medicine guidelines recom-
mend that a view of the fluid-filled fetal stomach
be obtained in all obstetric sonographic studies
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(Bovicelli et al. 1983; Leopold, 1986; Millener et al.
1993). It has also recently been reported that ab-
normal outcomes occurred in 52% of fetuses with
a small fetal stomach ( McKenna et al. 1995). There-
fore, it seems that the determination of normal limits
of the fetal stomach size will continue to be an
important part of routine obstetrical sonographic
examination. We observed that when the fetal ab-
dominal circumference was measured during routine
obstetrical sonography, the axial section of the fetal
stomach was almost always identified as a circular-
ovoid anechoic structure in the left upper abdomen
on the same scan, so we attempted to investigate the
relationship between the stomach circumference (8C)
and the abdominal circumference (AC) in evaluating
normal limits of the stomach size during pregnancy.
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MATERIALS AND METHODS
Fetal population

In this prospective cross-sectional study, 363 un-
complicated singleton fetuses were examined during
routine obstetrical sonography. The fetuses ranged
from 15 to 39 weeks of gestation. The week of ges-
tation was calculated from the date of the last men-
strual period and subsequently confirmed using ultra-
sound measuremerits of crown-rump length, before
11 weeks of gestatié)n; Fetal growth was assessed
using biparietal diameter, femur length and abdomi-
nal circumference. Each of the three parameters was
within mean valuet1.5 S.D for each gestational
week. Fetuses were found to have no detectable
anomalies in utero by ultrasound examination and
amniotic fluid volume was within the normal range
of 3~8 cm in depth by the single pocket size
method. All mothers were followed in the Obstetric
Unit of Trakya University Hospital in Edirne, Tur-
key and gave informed consent to participation in
this study.

Data acquisition and parameter definition

Real-time ultrasonographic equipment (Hitachi EUB
350, Tokyo, Japan) with a 3.5-Mhz linear array
transducer was used. The fetal stomach was visu-
alized in the left upper abdomen as an echolucent
organ that appears elliptical in longitudinal section
and circular in transverse section with the mother in
a semi-recumbent position. The axial circumference
of the fetal stomach (SC) was measured from a
plane that is perpendicular to the fetal longitudinal
axis at the level where the maximum (largest) axial
circumference of the stomach was obtained in axial
cross-section (Fig. 3). The abdominal circumference
(AC) was also measured at the same level, and the
ratio of SC/AC was calculated by dividing the SC
by the AC and multiplying by 100. Each fetus was
taken into evaluation only once. In cases with a
bean-shaped fetal stomach, measurement of the SC
was attempted as accurately as possible at approxi-
mated values (Fig. 3C). The measurements were
obtained in millimeters by direct planimetric method
using a digitizer by one of the authors (GP). Serial
measurements of AC and SC were made within a
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five-minute period.
Reproducibility of measurements

One of the authors sampled 10 fetuses (not in-
cluded this study) from 15 to 39 weeks of gestation.
Another author (not given any information about the
fetuses) performed the same procedure. The process
of image selection, freezing and measuring was re-
peated 10 times within a few minutes on each fetus.
From the mean values and standard errors (SE) of
the SC/AC ratio, the mean coefficient of variation
was calculated to be 14.2%.

Statistical analysis

Data were analyzed using a statistical computer
package program, Minitab Release 5.1 on an IBM
system (IBM 3090 Main Frame Computer). Linear
regression and Student’s test were used to determine
the relationship between gestational age and ultra-
sonic parameters.

RESULTS

Three hundred and sixty-three patients with un-
complicated pregnancies were studied. Three pa-
tients (1.3%) were excluded due to nonvisualization
of the stomach, but we did not find any cause for
nonvisualization. For further analysis 360 patients
were included.

Strong correlation was noted between gestational
age and both the fetal SC (r=0.842, R%: 0.708%, P<
0.0001) and AC (r=0.975, R%: 0.951%, P<0.0001).
The correlation between SC and AC was also high
(r=0.892, R%: 0.795%, P<0.0001). The measure-
ments of SC throughout pregnancy are presented in
Table 1 and Fig. 1. The mean fetal stomach circum-
ference increased almost linearly from 15 to 24
weeks’ gestation and decreased thereafter to 28
weeks’ gestation. It increased nonlinearly again from
28 weeks to 37 weeks and then decreased from 37
weeks to 38 ~39 weeks of gestation.

There was no correlation between the SC/AC
ratio and the gestational age (r=0.021, R%: 0.0%, P>
0.05), and the SC/AC ratio was normally distributed
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Table 1. Fetal SC and SC/AC ratio throughout pregnancy

Gestational age Number of Minimum Maximum Mean+ SD Mean+SD
(week) ratio cases SC SC SC SC/AC
15 9 14.3 24.1 18.6+3.6 19.3+3.1
16 13 17.4 4.8 . 213%26 19.7429
17 17 18.6 27.8 22.7+3.1 202+2.1
18 15 22.5 . 361 27.5+4.0 20.2+3.3
19 13 24.1 36.8 30.3+4.3 19.6+2.8
20 19 28.6 37.1 33.1%+3.1 20.0+3.2
21 11 23.7 49.4 36.0+8.1 ) 21.9+4.4
22 13 27.1 52,5 38.3+8.8 222135
23 18 309 52.8 409+7.5 ‘228432
24 17 40.8 54.7 47.7+4.9 19.143.2
25 12 30,9 50.1 417169 212433
26 19 349 56.5 48.0+79 175+18
27 12 329 50.2 40.9+5.0 - 160+1.2
28 16 35.6 43.7 39.1+2.6 21.5+2.1
29 12 48.9 72.1 58.0+7.6 22.14+3.0
30 15 48.7 82.4 64.6+10.1 184+1.0
31 17 419 579 50.1+4.7 202+29
32 19 439 83.7 59.7+11.3 18.2+3.0
33 14 339 72.5 50.8+11.5 - 235+34
34 13 v 51.9 88.3 7141100 19.7+2.8
35 14 46.9 88.1 624+119 21.6+2.7
36 12 53.9 82.6 69.9+9.4 233428
37 18 60.9 - 100.5 83.2+11.0 17.6+2.3
38 15 439 68.2 59.5+8.0 19.1+2.2
39 17 53.5 80.4 64.6+9.3 20433 .

SC: stomach circumference (mm), AC: abdominal circumference, SD: Standard deviation
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Fig. 1. Fetal stomach circurference measurements {mm) throughout pregnancy
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Fig. 2. SC/AC percentiles throughout pregnancy

with a mean of 20.40+3.39% (median, 20.20%).
The mean values of the SC/AC ratio for each week
of gestation are displayed in Table 1 and Fig. 2. The
minimum and maximum values of the SC/AC ratio
were 14.8% at 28 weeks and 27.03% at 34 weeks,
respectively (Fig. 3). The differences in the mean
values of the SC/AC ratios throughout pregnancy
were statistically significant (P<0.05).

DISCUSSION

The fluid-filled fetal stomach can appear as early
as 9 weeks’ gestation and is always detectable by
14 weeks’ gestation in the left upper abdomen as an
echolucent organ (Goldstein et al. 1987; Millener et
al. 1993). Gastric visualization can be related to the
onset of the swallowing mechanism which is closely
associated with the intact central nervous system by
approximately the 12th to 13th weeks of gestation.
Nonvisualization of the fetal stomach was found in
0.8% of our cases and all cases were normal new-
borns. This ratio was reported to be between 0.02%
and 2% of all pregnancies (Bovicelli et al. 1983;
Millener et al. 1993; McKenna et al. 1995).

Since the section orthogonal to the axis of the
fetal stomach was considered a circle and the most
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encountered pattern of fetal stomach was the stan-
dard shape (in 90% of the cases), it was possible
to measure both the axial circumference of the fetal
stomach and abdomen on the same section using the
planimetric method (Hawass et al. 1991; Nagata et
al. 1994). We observed that the axial shape of the
fetal stomach was ovoid or circular in most cases
but occasionally it was bean-shaped (Fig. 3C). In
cases with a bean-shaped stomach, measurement of
the SC could be made in approximated values and
we believe that in most cases this does not cause
any problem in reflecting real measurements.
Several authors have investigated the develop-
mental profile of the stomach at advanced stages of
gestation using real-time ultrasound (Vanderberghe
and De Wolf, 1980; Wladimiroff et al. 1980; Gold-
stein et al. 1987; Nagata et al. 1990; Mastronardi
et al. 1993). Goldstein et al. have evaluated the
longitudinal, anteroposterior, and transverse diame-
- ters of the fetal stomach and stated that the growth
of the fetal stomach was linear throughout gestation
(Goldstein et al. 1987). Mastronardi et al. reported
that a high degree of correlation was observed between
gestational age and stomach circumference (Mastro-
nardi et al. 1993). )
In this study, the axial circumference of the fetal
stomach was almost linearly increased from 15
weeks to 24 weeks’ gestation. This increase is com-
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Fig. 3. Measurement of the fetal stomach and abdominal circumference is demonstrated. The section was obtained at
the level where the largest axial circumference of the stomach visualised from a plane that is perpendicular to the
fetal longitudinal axis. A) In a fetus 29 weeks’ gestation, the axial shapes of both the stomach and abdomen is a circle.
The SC/AC ratio is 46.9/255.1 X 100=18.3, (Stomach; large open arrow, spine; arrowhead, umbilical vein; black arrow).
B) In another fetus 20 weeks gestation, the axial shapes of both of the stomach and abdomen is an ellipsoid. The SC/AC
ratio is 30.1/153.5 x 100=19.6, (Stomach; black arrow, spine; arrowhead, umbilical vein; curved arrow). C} A fetus
27 weeks gestation, the fetal stomach is bean shaped and the measurement is made as accurate as possible. The SC/AC

ratio is 62/233=26.6 (Stomach; arrowed).

patible with previous studies and is explained by the
development of the anatomical structure of the fetal
stomach itself, complementary to fetal growth, and
the immaturity of gastrointestinal motility leading to
minimal propagation from the stomach to the intes-
tine in this period (Mclain, 1963; Pritchard, 1966;
Abramovich, 1970). The mean SC/AC ratio also
ranged between 19% and 22% from 15 weeks to 24
weeks of gestation in our cases, probably due to
proportional growth of both the abdominal and sto-
mach circumference in this period. After 24 weeks’
gestation, the stomach circumference is minimally
decreased at 27~28 weeks’ gestation and then in-
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creases with fluctuations in size until 37 weeks. The
mean ratio of the SC/AC was at its lowest value
(16.0%, mean) of the whole pregnancy at 28 weeks’
gestation and also showed variations (ranging from
16% ~23%) between 24 ~39 weeks’ gestation. Na-
gata et al. reported that anteroposterior and longitu-
dinal dimensions of the fetal stomach increased from
16~17 to 26~27 weeks, remained fairly constant
between 26~27 and 32~33 weeks, and then in-
creased again from 32~33 to 36 ~37 weeks (Naga-
ta et al. 1990). In another study, Nagata et al. also
reported that the ultrasonographically reconstructed
three-dimensional shape of the stomach volume in-
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creased linearly from 20 to 37 weeks gestation
(Nagata et al. 1994). This increase in size was attri-
buted to the development of gastric function, in
utero, to retain swallowed amniotic fluid and send
it to the intestine in this period (McLain, 1963;
Nagata et al. 1994). Initiation of lower oesophageal
sphincter activity may also have a role by 32~33
weeks (Boix-Ochoa and Canals, 1976). Therefore,
we believe that these physiological changes which
affect the fetal stomach size begin after 24 weeks’
gestation and are responsible for the variations in the
SC values. and the SC/AC ratios between 24~39
weeks. The. SC and the SC/AC ratio were also de-
creased from 37 weeks to 38~39 weeks’ gestation
in this study. Nagata et al. reported the same find-
ings in two different studies and it is suggested that
the decrease in turnover of ammiotic fluid, as indi-
cated by the decrease in the flow volume of the um-
bilical vein, urine production, and the total volume
of amniotic fluid is responsible for the decreasing
size of the fetal stomach in this period (Queenan et
al. 1972; van Otterlo et al. 1977; Kurjak and Rajh-
vajn, 1982; Nagata et al. 1990; Nagata et al. 1994).
Disturbances in amniotic fluid volume as oligohy-
dramnios or polihydramnios may also affect the size
of the fetal stomach. However, these cases were not
included in this study, so that further studies are
needed to reveal the relationship between these ab-
normalities and the SC/AC ratio.

Wiladimiroff et al. reported that fetal stomach fill-
ing is non-linear with respect to time and the filling
time ranged between 10 and 30 minutes (Wladimi-
roff et al. 1980). However, Vanderberghe and De
Wolf and Goldstein et al. reported that no signifi-
cant changes in stomach dimensions or volume were
noted on continuous observations (Vanderberghe and
De Wolf, 1980; Goldstein et al. 1987). Devane et
al. investigated the rates of filling and emptying of
the fetal stomach between 26-40 weeks and reported
a periodicity of 35~55 min (Devane et al. 1993).
On the other hand, Zimmer ef al. recently reported
that caution should be excised in the diagnostic use
of stomach measurements owing to their dynami-
cally changing nature (Zimmer et al. 1992). They
made serial measurements of the stomach 20 min-
utes apart in 146 fetuses and found that the mean
percentage change between each of the paired mea-
surements was 16.6% to 24% for the different sto-
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mach dimensions and 41.3% for stomach volume.
However, Nagata et al. reported that the mean coeffi-
cients of variations in repeated measurements of the
fetal stomach, over a period of a few minutes, were
6.8% and 12.5% in the longitudinal and anteropos-
terior dimensions, respectively (Nagata et al. 1990).
In our study, the mean coefficient of variation was
14.2%, which is similiar to the results of Nagata et
al. but significantly different from the results of
Zimmer et al. We believe this was caused by the
fact that our measurements were performed within
just a few minutes, not within. 20 minutes.

Since abnormal changes in the size of the stomach
may indicate fetal abnormalities or poor fetal out-
come, sonographic determination of the fetal stom-
ach size is of importance and an objective parameter
may be required during routine obstetrical sono-
graphic examination. The SC/AC ratio can easily be
measured in routine obstetrical sonographic exami-
nation while the abdominal circumference is routi-
nely being obtained. We believe that measurement
of the fetal SC/AC can be considered as an easier,
more age-independent and practical way than mea-
surements of the gastric dimensions in evaluation of
the fetal stomach size. Although fetal stomach is a
dynamic organ which has periods of filling and
emptying, we believe it occurs within certain limits.
Our results show that the range of the mean SC/AC
ratio varies between 16% and 23% (practically rang-
ing between 15~25%) throughout pregnancy. If the
SC/AC ratio is out of those ranges, ultrasonogra-
phical follow-up is recommended since this can be
caused by either the filling-emptying phase of the
stomach or an abnormal situation. However, this
study should be considered as an initial study of the
range of normal age-independent fetal gastric mea-
surements which we plan to follow with a study eval-
uvating the positive and negative predictive values of
this test for fetal anomalies or adverse outcomes.

REFERENCES

Abramovich DR: Fetal factors influencing the volume
and composition of liquor amnii. J Obstet Gynecol
Br Commonw 77: 865-877, 1970

Boix-Ochoa J, Canals J: Maturation of the lower esopha-
gus. J Pediatr Surg 11: 749-756, 1976

227



Gokhan Pekindil, et al.

Bovicelli L, Rizzo N, Orsini LF, Pilu G: Prenatal diag-
nosis and management of fetal gastrointestinal ab-
normalities. Semin Perinatol 7: 119, 1983

Devane SP, Soothill PW, Candy DC: Temporal changes
in gastric volume in the human fetus in late preg-
nancy. Early Hum Dev 33: 109-116, 1993

Goldstein I, Reece EA, Yarkoni S, Wan M, Green JL,
Hobbins JC: Growth of the fetal stomach in normal
pregnancies. Obstet Gynecol 70: 641-644, 1987

Hawass NE, al-Badawi MG, Fatani JA, Meshari AA,
Edress YB: Morphology and growth of the fetal
stomach. Invest Radiol 26: 998-1004, 1991

Kurjak A, Rajhvajn B Jr: Ultrasonic measurements of
Aimbilical blood flow in normal and complicated
pregnancies. J Perinat Med 10: 3-16, 1982

Leopold GR: Antepartum obstetrical ultrasourid exami-
nation guidelines. J Ultrasound Med 5: 241-242,
1986

Mastronardi R, Presicci V, Ciasca G: Circumference of
the fetal stomach. Echographic study in 100 normal
pregnancies. Minerva Ginecol 45: 5-7, 1993

McKenna KM, Goldstein RB, Stringer MD: Small or -

absent fetal stomach: Prognostic significance. Radio-
logy 197: 729-733, 1995

Mclain CR Jr: Amniography studies of the gastrointes-
tinal motility of the human fetus. Am J Obstet
Gynecol 86: 1079-1087, 1963

Millener PB, Anderson NG, Chisholm RI: Prognostic
significance of non-visualisation of the fetal stomach
by sonography. AJR 160: 827-830, 1993~

Nagata S, Koyanagi T, Fukushima S, Akazawa K,
Nakano H: Change in the three-dimensional shape
of the stomach in the developing human fetus. Early
Hum Dev 37: 27-38, 1994 '

Nagata S, Koyanagi T, Horimoto N, Satoh S, Nakano
H: Chronological development of the fetal stomach
assessed using real-time ultrasound. Early Hum Dev
22: 15-22, 1990 '

Pritchard JA: Fetal swallowing and amniotic fluid vol-
ume. Obstet Gynecol 28: 606-610, 1966

Queenan JT, Thompson W, Whitfield CR, Shah SI:
Amniotic fluid volumes in normal pregnancies. Am
J Obstet Gy){;ecql‘ 114: 34-38, 1972

Vanderberghe K, De'Wolf. F: Ultrasonic asssessment of
fetal stomach function. Physiology and clinic. In Kur-
jak A, ed. Recent advances in ultrasound Diagnosis,
2nd ed. Amsterdam, Excerpta Medica, 1980, 275

van Otterlo LC, Wladimiroff JW, Wallenburg HC: Rela-
tionship between fetal urine production and amniotic
fluid volume in normal pregnancy and pregnancy
complicated by diabetes. Br J Obstet Gynecol 84:
205-209, 1977

Wiladimiroff JW, Leijs R, Smit B: Human fetal stomach
profiles. In Kurjak A, ed. Recent advances in Ultra-
sound diagnosis, 2nd ed. Amsterdam, Excerpta Me-
dica, 1980, 552

Zimmer EZ, Chao CR, Abramovich G, Timor-Tritsch
IE: Fetal stomach measurements: not reproducible
by the same observer. J Ultrasound Med 11: 663-
665, 1992

228

Volume 39



