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Gastric emptying in preterm infants

A K Ewer, GM Durbin, M E I Morgan, I W Booth

Abstract
An ultrasonic technique was used to com-
pare gastric emptying after a feed of
expressed breast milk and formula milk in
a blind, cross over study of preterm
infants. Fourteen infints (median gesta-
tional age 33 weeks) were studied on 46
occasions. Each infant received a naso-
gastric feed of either expressed breast
milk or formula milk, and the alternative
at the next feed. Real time ultrasound
images of the gastric antrum were
obtained and measurements of antral
cross sectional area (ACSA) were made
before the feed and then sequentially after
its completion until the ACSA returned to
its prefeed value. The half emptying time
(50%/o AACSA) was calculated as the time
taken for the ACSA to decrease to half
the maximum increment. On average,
expressed breast milk emptied twice as
fast as formula milk: mean 500/o0 ACSA
expressed breast milk 36 minutes; formula
milk 72 minutes. The technique was
reproducible and there was no significant
difference between the emptying rates of
feeds of the same type for an individual
infant. These data show that breast milk
has a major effect on gastric emptying,
which may have important implications
for preterm infants who have a feed intol-
erance due to delayed gastric emptying.
(Arch Dis Child 1994; 71: F24-F27)
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Inadequate gastric emptying often prevents
early enteral nutrition in preterm infants but its
determinants are poorly understood. This is
due in part to the lack of a method of measur-
ing gastric emptying which is suitable for serial
use in very small infants. Radioisotope studies
are the 'gold standard' for estimating gastric
emptying, but the technique is not suitable for
widespread use in neonates. The test involves
irradiation and access to a gamma camera.
Most data in preterm infants have been
obtained using either marker dilution and a

single aspiration technique,1 or a modified
double sampling marker dilution technique.2
Neither is entirely satisfactory. The former
does not show the pattern of emptying for an
individual feed. In the latter, the repeated
withdrawal and reinsertion of milk from the
stomach to ensure adequate mixing of the
dye is unphysiological and may not be well
tolerated by smaller infants. A non-invasive,
non-isotopic method involving miniimal dis-
turbance to the infant and which does not
interfere with the emptying process is therefore
needed. Bolondi et al used an ultrasound tech-
nique to study gastric emptying of a meal of
pasta in adults.3 A modified version of this

technique has been used successfully in
preterm infants in our department4 and has
been validated against radioisotope measure-
ments in adults.5 The technique is based on
serial measurements of the cross sectional area
of the gastric antrum (ACSA) as it fills and
empties during and after a feed.

Using this method we compared the empty-
ing rates of maternal breast milk and a whey
based formula milk (Cow and Gate Premium).
In addition to other well recognised benefits,
breast milk may have additional advantages
with respect to more rapid gastric emptying
than formula milk. In the only previous study,6
however, a potentially unphysiological marker
dilution technique was used and the infants
were not studied in a blind, cross over manner.
Moreover, most patients studied only received
a single milk type. As gastric emptying shows
large interindividual variability this makes
comparisons between milk type less informa-
tive. We have therefore used serial ultrasound
measurements of the ACSA as a means of
comparing, within individuals, the gastric
emptying of expressed breast milk with a whey
based formula, and of assessing the repro-
ducibility of the technique.

Subjects and methods
SUBJECTS
The study was carried out on the regional
neonatal intensive care unit at Birmingham
Maternity Hospital. Infants were entered into
the study if they fulfilled all the following
criteria: preterm delivery (less than 37 weeks'
gestation); absence of, or complete recovery
from, respiratory illness; no evidence of
gastrointestinal disease; no drug treatment;
receiving full enteral feeds of whey predomi-
nant formula (whey 60%, casein 40%; Cow
and Gate Premium) and/or expressed maternal
breast milk via a nasogastric tube at a mini-
mum of 150 ml/kglday, with an interval of
at least two hours between feeds. All infants
were receiving some breast milk. Some were
receiving formula milk as a supplement
whereas others were receiving full breast milk
feeds but had received formula milk pre-
viously. The latter group received a further
formula feed for the purpose of the study
only.
The first 14 consecutively available infants

(nine boys, five girls) who fulfilled these
criteria were recruited. The median (range)
gestation of the group was 33 (30-35) weeks;
birth weight 1650 (1130-2130) g, and post-
natal age at the time of study 11 (4-26) days.
Eight infants were appropriately grown for
gestational age; six infants were growth
retarded in that their birth weight was less than
the tenth centile for gestation.
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One paired study was performed on each of
the 14 infants and this was repeated in nine of
14 infants within a median (range) of 2 (1-6)
days. During the paired study the infant
received a bolus nasogastric feed of either
expressed breast milk or formula milk and then
the same volume of the alternative milk at the
following feed. The examiner (AKE) was blind
to milk type until analysis of the data was com-
plete. The daily median (range) feed volume
was 167 (150-235) ml/kg/day given at two,
three, or four hourly intervals. The median
(range) feed volume was 21 (13-29) mllkg.
Feeds were administered by nasogastric tube
over a median (range) period of 6 (3-12)
minutes.

Informed parental consent was obtained in
each case and the protocol was approved by
the local research ethical committee.

METHODS
Gastric antral transit was used as a proxy for
gastric emptying. This was determined by
measuring ultrasonically the changes in the
cross sectional area of the gastric antrum which
occur after a feed.4 Newell et al4 showed a
highly significant correlation between intra-
gastric milk volume and an increase in ACSA
after the administration of 25, 50, 75, and
100% of a feed.

Real time ultrasonic images of the same
longitudinal section of the gastric antrum were
obtained with the infant in the right lateral
position using the vertebral bodies and the
aorta, at the level of the superior mesenteric
artery, as constant anatomical landmarks. The
Hewlett Packard ultrasound imaging system
(model 77020A) with a 5 MHz sector scanning
probe (model 2121 OAO) held perpendicular to
the anterior abdominal wall, just below the
xiphisternum, produced satisfactory images
during all studies. The ACSA was measured
using a steerable cursor and integral software
within the machine.
The stomach was aspirated before a feed to

remove residual air or milk. The ACSA was
measured before the feed, as soon as the feed
was completed, and sequentially at about 10
minute intervals until it returned to its prefeed
value. We defined 50% AACSA as the time
taken for the ACSA to decrease by half of the
maximum change seen during gastric filling.
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Figure 2 Gastric emptying of expressed breast milk
(EBM) andformula feed within individual infants: (A)
first paired studies and (B) repeated paired studies
(p<0 0001).

Paired studies were analysed using Student's
paired t test.

Results
COMPARISON OF BREAST MILK AND FORMULA
MIL
The technique was well tolerated. No infant
vomited or appeared distressed during the
studies. One set of paired studies was per-
formed in all 14 patients. In nine of 14 infants
the paired studies were repeated, making a
total of 23, one of the pair being breast milk
and the other formula milk. The mean half-
emptying times (50%/o AACSA) for breast milk
were significantly lower than those for formula
milk, with means of 36 and 72 minutes respec-
tively (fig 1). There was considerable variation
for each milk and a degree of overlap between
the two. This reflects the natural physiological
variability of gastric emptying and the differing
volumes and feed intervals within the study
group.
When the differences between 50%/AACSA

for expressed breast milk and formula milk are
compared within an individual infant (fig 2), it
can be seen that expressed breast milk emptied
faster from the stomach than formula milk
during every paired study and that this differ-
ence is highly significant (p<0-0001). Figure 3
shows the mean change in ACSA in all 23
studies for each milk type against time.
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Figure 1 Halfemptying times (50% AACSA) for
expressed breast milk (EBM) andformula feed.
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Figure 3 Mean (SEM) percentage change in ACSA after
a bolus feed of expressed breast milk (EBM) orformula
feed.
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Figure 4 Gastic emptying ofsame feed type within
individual infants (not significant). EBM=expressed
breast milk.

Emptying ofbreast milk was characterised by a

more rapid initial emptying phase.

REPRODUCIBILITY
In the nine infants in whom two paired studies
were performed we compared 50% /ACSA for
a feed of the same type within an individual
infant. The data are represented in fig 4 and
show that although there is some variation
within the two groups, in most 500/n AACSA is
about the same, within an individual, for the
same milk type. There was no significant dif-
ference within an individual infant; p=0Q4 for
expressed breast milk and p=O09 for formula
milk.

Discussion
We compared the effect of maternal breast milk
and a commonly used formula milk on gastric
emptying in preterm infants, using a method
which is particularly well suited to this group.
We have confinned Cavell's findings6 and
shown that breast milk empties from the
stomach much more quickly than formula milk.
A number of previous studies have investi-

gated gastric emptying in preterm infants. The
data have often been conflicting, possibly a

reflection of the different methods of analysis
and feed type used. The most commonly used
methods involved a marker dilution technique
of either the single aspiration typel or the
double sampling method of George.2 Using
these methods it has been shown that an

increased calorific density7 and carbohydrate
composition of feeds,8 the presence of hyaline
membrane disease,9 and congenital heart
diseasel can slow gastric emptying. The
effects of fat content,8 11 phototherapy,12 13

and the posture of the infant9 14 are less clear.
Feed osmolality15 16 and the temperature of
feeds12 17 do not appear to have an effect.
Cavell suggested that, in general, breast milk
empties faster than formula milk.6 His studies
did not investigate the differences in emptying
times for the two milks within individual
infants, however. As most gastric emptying
data suggest a great deal ofinterindividual vari-
ation, a cross over study such as ours is more
appropriate.

The differences between breast milk and
formula milk are marked and it is difficult to
account for them by differences in crude
macronutrient content. What mediates these
differences? Widstrom et al have shown that
human milk contains peptides such as gastrin
and somatostatin,18 but the effects of these on
infant gut motility have yet to be elucidated.
Lucas et al have shown differences in gut
peptide profiles in plasma after a breast milk or
formula milk feed. 19 This effect may be a con-
tributing factor to the differences in emptying
rates we have shown.
The observation that breast milk empties so

much faster may have important implications
in preterm infants who appear to be intolerant
of formula feeds. The significance of slower
gastric emptying in infants who appear to
tolerate feeds has yet to be established. It is
known that asymptomatic gastro-oesophageal
reflux is a common finding in preterm
infants20 and that the aspiration of milk is not
uncommon on neonatal units.21 Delayed
gastric emptying has been shown to be a
cause of gastro-oesophageal reflux in older
children,22 but the relation between slower
gastric emptying and gastro-oesophageal reflux
in preterm infants is not known.

In summary, breast milk empties faster from
the stomachs of preterm infants than formula
milk. Although we do not understand how
these differences are mediated it is clear that
they are present despite attempts to humanise
cows' milk formula. The effect may reside in
the presence of prokinetic agents in breast
milk. There are obvious advantages in the use
of human milk in neonates in whom delayed
gastric emptying is preventing the successful
use of enteral feeding.
Dr Andrew Ewer is the holder of a West Midlands Regional
Health Authority Sheldon Research Training Fellowship. We
are indebted to the nursing staff of the regional neonatal
intensive care unit and the transitional care ward at
Birmingham Maternity Hospital for their help and cooperation,
to Dr S Chapman for technical support and advice, to Mr T
Marshall for statistical advice, and Dr Paul Davies for help with
analysis of the emptying curves.
This work has been presented in part to a meeting of the

Neonatal Society in July 1993 and a meeting of the British
Society for Gastroenterology in September 1993.

1 Husband J, Husband P. Gastric emptying of water and
glucose solutions in the newborn. Lancet 1969; ii:
409-11.

2 George JD. New clinical method for measuring the rate of
gastric emptying: the double sampling test meal. Gut
1968; 9: 237-42.

3 Bolondi L, Bortolotti M, Santi V, Calletti T, Gaiani S, Labo
G. Measurement of gastric emptying time by real-time
ultrasonography. Gastroenterology 1985; 89: 752-9.

4 Newell SJ, Chapman S, Booth IW. Ultrasonic assessment of
gastric emptying in the preterm infant. Arch Dis Child
1993; 69: 32-6.

5 Marzio L, Giacobbe A, Conoscitore P, Fracciorusso D,
Frusciante V, Modoni S. Evaluation of the use of ultra-
sonography in the study of liquid gastric emptying. Am Jf
Gastroenterol 1989; 84: 496-500.

6 Cavell B. Gastric emptying in preterm infants. Acta Paediatr
Scand 1979; 68: 725-30.

7 Siegel M, Lebenthal E, Krantz B. Effect of caloric density
on gastric emptying in premature infants. J Pediatr 1984;
104: 118-22.

8 Siegel M, Krantz B, Lebenthal E. Effect of fat and carbo-
hydrate composition on the gastric emptying of isocaloric
feedings in premature infants. Gastroenterology 1985; 89:
785-90.

9 Yu VYH. Effect of body position on gastric emptying in the
neonate. Arch Dis Child 1975; 50: 500-4.

10 Cavell B. Gastric emptying in infants with congenital heart
disease. Acta Paediar Scand 1981; 70: 517-20.

11 Sidebottom R, Curran JS, Williams PR, Kanarek KS,
Bramson RT. Effects of long-chain vs medium-chain
triglycerides on gastric emptying time in premature
infants. Y Pediatr 1983; 102: 448-50.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://fn.bm

j.com
/

A
rch D

is C
hild F

etal N
eonatal E

d: first published as 10.1136/fn.71.1.F
24 on 1 July 1994. D

ow
nloaded from

 

http://fn.bmj.com/


Gastnic emptying in preterm infants

12 Blumenthal I, Lealman GT, Shoesmith DR. Effect of feed
temperature and phototherapy on gastric emptying in the
neonate. Arch Dis Child 1980; 55: 562-4.

13 Costalos C, Russell G, Bistarakis L, Pangali A, Philippidou
A. Effects of jaundice and phototherapy on gastric
emptying in the newborn. Biol Neonate 1984; 46: 57-60.

14 Blumenthal I, Ebel A, Pildes RS. Effect of posture on the
pattern of stomach emptying in the newborn. Pediatrics
1979; 63: 532-6.

15 Siegel M, Lebenthal E, Topper W, Krantz B, Li PK.
Gastric emptying in prematures of isocaloric feedings with
differing osmolalities. Pediatr Res 1982; 16: 141-7.

16 Hunt LI, Antonson DL, Paxson CL, Vanderhoof JA.
Osmolality ofcarbohydrate solutions and gastric emptying
in the newborn. AmJDis Child 1982; 136: 448-51.

17 Costalos C, Ross I, Campbell AGM, Sofi M. Is it necessary
to warm infants' feeds? Arch Dis Child 1979; 54: 899-901.

18 Widstrom AM, Marchini G, Matthiesen AS, Werner S,
Winberg J, Uvnas-Moberg K. Nonnutritive sucking in
tube-fed preterm infants: effects on gastric motility and
gastric contents of somatostatin. Pediatr Gastroenterol
Nutr 1988; 7: 517-23.

19 Lucas A, Sarson DL, Blackburn AM, Adrian TE, Aynsley-
Green A, Bloom SR. Breast vs bottle: endocrine
responses are different with formula feeding. Lancet
1980; i: 1267-9.

20 Newell SJ, Booth IW, Morgan MEI, Durbin GM, McNeish
AS. Gastro-oesophageal reflux in preterm infants. Arch
Dis Child 1989; 64: 780-6.

21 Wharton BA, Bower BD. Immediate or later feeding for
premature babies? Lancet 1965; ii: 969-72.

22 Di Lorenzo C, Piepsz A, Ham H, Cadranel S. Gastric
emptying with gastro-oesophageal reflux. Arch Dis Child
1987; 62: 449-53.

F27

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://fn.bm

j.com
/

A
rch D

is C
hild F

etal N
eonatal E

d: first published as 10.1136/fn.71.1.F
24 on 1 July 1994. D

ow
nloaded from

 

http://fn.bmj.com/

