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Effect of fortifying breast milk on gastric emptying
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Abstract
A study was performed to determine ifthe
addition of a fortifier to expressed breast
milk (EBM) affected gastric emptying in
low birthweight infants. Using ultrasono-
graphy, the gastric emptying of EBM
alone was compared with that containing
a fortifier, in a blind, crossover study.
Twenty two low birthweight infants were
studied: median (range) gestation 31-5
weeks (28-37); birthweight 1495 g (1000-
2480 g). The gastric antral cross-sectional
area (ACSA) was measured by ultra-
sonography before each feed and then
sequentially after its completion until the
ACSA returned to its pre-feed value. The
half emptying time was calculated as the
time taken for the ACSA to decrease to
half the maximum increment. The mean
difference (standard error) between half
emptying times for EBM alone and for
EBM with added fortifier was not signifi-
cant: 148 (4.9) minutes.
These data show that fortifying breast

milk does not affect gastric emptying and
suggests that the practice is unlikely to
affect feed tolerance in low birthweight
infants.
(Arch Dis Child 1996; 74: F60-F62)
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In most circumstances feeding low birth-
weight infants with expressed breast milk
(EBM), rather than with preterm formula, is
beneficial. EBM provides biologically import-
ant non-nutrients such as immunoglobulins,
non-antibody mediated immune factors,
digestive enzymes, growth factors and hor-
mones, which may promote growth and devel-
opment as well as having bacteriostatic
effects. 1-3 EBM has the disadvantage of some-
times being nutritionally inadequate for this
group of infants. Hypoproteinaemia and in-
adequacies in calcium, phosphorus, and mag-
nesium supply have been reported.46 The
practice of fortifying EBM is undertaken to
improve its nutritional content and has been
shown to increase the rate of weight and
length gain in low birthweight infants.7-9

Several methods are used to fortify EBM,
including the addition of volumes of either
term or preterm formula. Specifically designed
preparations for fortifying are now commer-
cially available and have been rapidly adopted
for use by many neonatal units. They are
formulated, so that when added to EBM,
the resultant milk satisfies the ESPGAN
nutritional guidelines for low birthweight
infants. IO

A common problem in low birthweight
infants is poor milk tolerance. Gastric empty-
ing is a major determinant of tolerance of milk
feeds. Increasing caloric density of milk," as
well as the use of formula milk,'2 13 are
included in the factors known to delay gastric
emptying in the preterm infant. The addition
of fortifier significantly increases the caloric
density of EBM, as well as changing its com-
position towards that of a formula milk.
Therefore, there is a need to test the affect of
fortifying breast milk on gastric emptying in
low birthweight infants.

Gastric emptying may be assessed using
serial ultrasound measurements of the cross-
sectional area of the gastric antrum. This tech-
nique has been successfully validated and used
before in preterm infants. 14 We used ultrasonic
assessment of gastric emptying to compare
feeds of EBM alone with that of EBM with
added fortifier, in a blind, crossover study.

Methods
The study was performed on the regional
neonatal intensive care unit at St James's
University Hospital, Leeds. Infants who satis-
fied all of the following criteria were recruited
into the study: weight of less than 2500 g at the
time of measurement; no evidence of gastro-
intestinal disease; not receiving drug treatment
known to interfere with gastric emptying; and
receiving at least 150 ml/kg/day of EBM by
bolus administration, via a nasogastric tube,
with an interval of at least two hours between
feeds.
Twenty two infants were recruited (13 boys,

nine girls). This number was chosen to ensure
that the study had at least a 90% power of
revealing a 10% or greater difference in gastric
emptying time. Median (range) birthweight
was 1495 g (1000-2480), gestation 31-5 weeks
(28-37), and postnatal age at the time of study
20 (6-67) days. Twelve (55%) infants were
small for gestational age (birthweight below
the 10th centile for gestation). All other infants
had birthweights appropriate for gestation.
A paired study measuring gastric emptying

was performed on each infant, once following a
nasogastric feed ofEBM alone, and once after
a feed of EBM with added fortifier. Fortifier
(Breast Milk Fortifier; Cow & Gate) was added
to EBM according to the manufacturer's
instructions (50 g added to each 50 ml of
breast milk). Each infant was fed the same
volume of EBM on each occasion and the
two feeds were both thawed from the same
batch of frozen stored milk from the infant's
own mother. The interval between the two
measurements for an individual baby was
between 24 and 48 hours and infants were
randomly assigned as to which feed to receive
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Figure 1 Mean percentage change in ACSA after a bolus
feed of expressed breast milk (EBM) orEBM with added
fortifier.

first. The examiner (RJM) was blinded to feed
composition until analysis of data was com-
plete. The median (range) feed volume was 20
(13-33) ml/kg. The median (range) duration
of feed was 7 (5-11) minutes.

Gastric emptying was assessed by ultra-
sonically measuring the change in the cross-
sectional area of the gastric antrum that
occurred following a feed, using the method
that we have previously described in this jour-
nal.'4 In brief, to measure the antral cross-sec-
tional area (ACSA), real time ultrasound
images of the same longitudinal section of the
gastric antrum were obtained with the infant
lying in the right lateral position. The vertebral
bodies and the aorta, at the level of the superior
mesenteric artery, were used as constant
anatomical landmarks to ensure that the same
longitudinal section of the gastric antrum was
measured. Ultrasound images were obtained
using the Hewlett Packard Ultrasound
Imaging System (model HP Sonos 100) with a
7.5 MHz sector scanning probe (model
21415A). Images were frozen on the screen
and the circumference of the gastric antrum
marked with a steerable cursor. Using software
available on the machine, the ACSA was then
calculated.

Before each feed in the study, the stomach
was aspirated. ACSA was measured before the
feed, when the feed was completed, and then
at 10 minute intervals until 30 minutes had
elapsed. Measurement then continued at 15
minute intervals until two hours had elapsed or
the pre-feed value was reached. Fifty per cent
AACSA was defined as the time taken for the
ACSA to decrease by half of the maximum
change seen during gastric filling. This value
provided a simple single measurement of
gastric emptying allowing subsequent com-
parison between feeds.

Informed parental consent was obtained
before each case was studied and the protocol
was approved by the local research ethics com-
mittee. Statistical analysis was performed using
Student's paired t test.

Results
One set of paired studies was successfully
carried out on all infants. All seemed to toler-
ate the procedure well, with no infant vomiting

or seeming to suffer undue distress. The mean
(standard error) 500/o AACSA for EBM alone
and for EBM with added fortifier was 46 (5'5)
and 47-2 (5 4) minutes, respectively. The
mean difference (standard error) in 50%/
AACSA between the two feeds was 1 48 (4.9)
minutes. This difference was not significant.
The patterns of gastric emptying following
both feeds were also virtually the same as
shown in fig 1.
There was considerable variation in some

infants between the 50% AACSA of the two
feed types (fig 2). There was also variation in
the 50% AACSA among individual infants for
each feed (fig 2), but there was no discernible
trend. This variation did not seem to be related
to volume of feed, gestation, or postnatal age.

Discussion
A study was performed to compare the gastric
emptying in low birthweight infants with EBM
alone with EBM with added fortifier, by assess-
ing the change in ACSA measured by real time
ultrasound.

In two telephone surveys, one in 1987 and
one in 1994, of all regional neonatal units in
the United Kingdom (unpublished data), we
found a dramatic increase in the practice of
fortifying breast milk. This increase was from
5% of units in 1987 to 85% in 1994. The
surveys also revealed that virtually all of this
increase involved the use of specifically
designed, commercially available fortifiers.
The results of this study are therefore relevant
to almost all neonatal units.
The gold standard for estimation of gastric

emptying involves radioisotope studies but this
requires irradiation and the use of a gamma
camera. This method is not suitable for the
assessment of low birthweight infants. Marker
dilution techniques have been used in preterm
infants,15 16 but none is entirely satisfactory.
Applied potential tomography (APT), a form
of electric impedance tomography, has been
used in term infants,'7 is currently being
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Figure 2 Halfgastric emptying times (50% AACSA) for
expressed breast milk (EBM) and ERM with added
fortifier within individual infants (n=22). Mean (SE)
value for each feed is shown by a broad horizontal line.
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explored in low birthweight infants. The ultra-
sonic method used in this study has been
validated and used to study gastric emptying in
low birthweight infants. 12 14
The 50% AACSA for EBM alone has been

measured as 35 minutes by Newell et al 14 and
36 minutes by Ewer et al, compared with 72
minutes for formula milk.'2 The longer gastric
emptying times for EBM seen in this study
may reflect the study population. In the
present study the median gestation and birth-
weight was lower, and a larger proportion of
infants were small for gestational age (55%).
The differences in the 50% AACSA between
the two feeds, and the difference among indi-
vidual infants for each feed, probably reflects
the natural physiological variability of gastric
emptying,12 but warrants further exploration.
Our study was not designed to detect any
relation between gastric emptying and volume
of feed, gestation, or postnatal age. This
precludes any conclusion being made from our
observation that the variation in gastric empty-
ing was not related to these variables.

There are currently three commercially avail-
able fortifiers in the United Kingdom: Breast
Milk Fortifier (Cow & Gate), Eoprotin (Milupa),
and Enafamil (Mead Johnson). Fortifying
breast milk has been shown to have a beneficial
effect on weight gain and linear growth in low
birthweight infants.7-9 Breast Milk Fortifier,
which was the fortifier used in this study, raises
the nutritional content of every 100 ml ofEBM
by 10 kcal energy, 0 7 g protein, and 2 g carbo-
hydrate, as well as providing numerous extra
vitamins and minerals. Eoprotin and Enafamil
are virtually identical to Breast Milk Fortifier,
the only major difference being that Eoprotin
contains a very small amount of fat. On the
basis of their similarity it is unlikely that either
Eoprotin or Enafamil would have any noticeably
different affect on gastric emptying.

Inadequate gastric emptying is associated
with poor tolerance of milk feeds, a common
problem in low birthweight infants. This is par-
ticularly so when enteral feeding is first intro-
duced. There was good reason to hypothesise
that the addition of fortifier to breast milk
would retard gastric emptying.I'-'3 These data
show the absence of any such effect following
the addition of fortifier to EBM. The quantity
or composition of fortifier may be insufficient
to produce an effect. An alternative explanation

is that EBM has a prokinetic property, actively
promoting gastric motility.
We conclude, therefore, that in the low

birthweight infant who may benefit from the
fortification of breast milk, this form of nutri-
tional supplementation may be used without
retardation of gastric emptying. By implica-
tion, therefore, this form of supplementation
will have no adverse affect on the tolerance of
breast milk.
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