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Gastric emptying and gastro-oesophageal reflux in
preterm infants

AK Ewer, GM Durbin, MEI Morgan, IW Booth

Abstract
Gastro-oesophageal reflux is common in
preterm infants, but the role of gastric
emptying as a causal factor has not been
studied before. Gastric emptying was
therefore measured in 19 healthy preterm
infants (median gestational age 32 weeks)
while concurrently measuring 24 hour
lower oesophageal pH, using an antimony
pH electrode, positioned manometrically.
Real time ultrasonic images of the gastric
antrum were obtained, and measure-
ments of antral cross-sectional area
(ACSA) were made immediately before a
nasogastric feed and then during subse-
quent gastric emptying until ACSA re-
turned to its pre-feed value. Half empty-
ing time (50%/o A ACSA) was calculated as
the time taken for the ACSA to fall to half
the maximal postprandial increment.
Mean (SEM) reflux index for the group

was 11.9(2.0)%; number ofreflux episodes
per 24 hours: 15.4 (1.7); and number of
reflux episodes longer than five minutes
5.5 (0.8). Average half emptying times for
an individual infant were: median (range)
46 (18-105) minutes. There was no assoca-
tion between gastric emptying rates and
any of the indices of gastro-oesophageal
reflux, either during the entire 24 hour
period for which the lower oesophageal
pH was recorded, or in the postprandial
periods after the feeds which were studied
ultrasonically. Gastro-oesophageal reflux
was also unrelated to feed volume and feed
type.
Asymptomatic gastro-oesophageal re-

flux is common in preterm infants, but
gastric emptying time is not a determi-
nant of it. Inappropriate relaxation of the
lower oesophageal sphincter or abnormal
oesophageal motility offer more plausible
explanations.
(Arch Dis Child 1996;75:F1 17-F121)
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Gastro-oesophageal reflux is common in pre-
term infants' and may cause apnoea,' aspira-
tion pneumonia,2 and chronic lung disease.3
Despite its associated morbidity, the determi-
nants in this group of infants have not been
clearly defined.
There are several potential determinants of

gastro-oesophageal reflux: immature oesoph-
ageal peristalsis; reduced lower oesophageal
sphincter pressure; inappropriate relaxation of

the lower oesophageal sphincter and delayed
gastric emptying. Newell et al4 showed that
resting lower oesophageal sphincter pressure
increases with maturity, but that there was no
association between resting sphincter pressure
and gastro-oesophageal reflux.

Previous studies examining the relation
between delayed gastric emptying and gastro-
oesophageal reflux in adults and children have
given equivocal results. Several groups have
detected an association between delayed gas-
tric emptying and gastro-oesophageal reflux in
adults," while others have failed to do so.8 9
Some studies have shown an association in
infants and older children."'" Di Lorezo et al'4
failed to demonstrate any such association in
children under 3 years of age. No study of neo-
nates has shown a correlation.'4 '5 Jolley et al
examined gastric emptying of clear fluids in
infants and children and failed to demonstrate
an association between rate of emptying and
reflux.'6 To our knowledge, a combined study
of gastric emptying and gastro-oesophageal
reflux in preterm infants has not been under-
taken, probably because of previous method-
ological constraints.
Recent work in our department has con-

firmed that both prolonged lower oesophageal
pH monitoring, using an antimony crystal
electrode, and measurement of gastric empty-
ing are now feasible in low birthweight
neonates.' 17 18 Using these novel techniques,
we have recently shown that gastro-
oesophageal reflux is common ' and that feed
type has a major impact on gastric emptying in
this group of patients.'8 However, the associa-
tion between gastro-oesophageal reflux and
delayed gastric emptying remains uncertain.
We therefore carried out a study in which we
measured gastric emptying and gastro-
oesophageal reflux in a group of healthy
preterm infants. The aim of the study was to
evaluate the role of gastric emptying as a deter-
minant of gastro-oesophageal reflux.

Methods
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 the following criteria:
preterm delivery (less than 37 weeks of
gestation); absence of, or complete recovery
from, respiratory illness; no evidence of gas-
trointestinal disease; no drug treatment other
than vitamins and minerals; receiving full
enteral feeds via a nasogastric tube at a
miniimum of 150 ml/kg/day, with an interval of
at least 3 hours between feeds.
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Nineteen consecutive infants (11 girls, 8
boys) who fulfilled the entry criteria and for
whom consent was obtained, were recruited.
Median (range) gestation of the group was 32
(29-34)weeks; birthweight 1620 (980-2370) g,
and postnatal age at the time ofstudy 21 (7-37)
days. Seventeen infants were appropriately
grown for gestational age at birth; two infants
had a birthweight below the 10th centile for
gestational age. No infant had symptomatic
reflux before the study.

FEEDING
Two gastric emptying studies were performed
on each of the 19 infants during the 24 hour
period in which lower oesophageal pH was
recorded. Each infant received bolus nasogas-
tric feeds of the same volume of milk during
each study. Median daily feed volume was 150
ml/kg/day (range 150-200) given at 3 or 4
hourly intervals. Median feed volume was 40
mi/feed (range 25-70), equivalent to 21 ml/kg/
feed (17-29). Feeds were administered over a
median period of 7.5 minutes (range 2-16).
Nine infants received a whey-based term
formula (Cow and Gate Premium), eight
infants received a preterm formula (Cow and
Gate Low Birthweight Formula), one infant
received a combination of maternal breast milk
and term formula, and one infant received
breast milk only.

ASSESSMENT OF GASTRIC EMPTYING
Gastric emptying was estimated using a previ-
ously described ultrasonic method.'7 18 The
method uses gastric antral transit as a proxy for
gastric emptying, and measures ultrasonically,
the changes in the cross-sectional area of the
gastric antrum which occur during instillation
and following a feed.

Real time ultrasonic images of the same lon-
gitudinal 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. A
Hewlett Packard ultrasound imaging system
(model 77020A) with a 5 MHZ sector
scanning probe (model 2121OAO), held per-
pendicular to the anterior abdominal wall, just
below the xiphisternum, produced satisfactory
images during all studies. The ACSA was mea-
sured using a steerable cursor and integral
software.
The stomach was aspirated before a feed to

remove residual air or milk. ACSA was
measured before the feed, as soon as the feed
was completed, and sequentially at roughly 10
minute intervals until it returned to its pre-feed
value. We defined half emptying time (50% A
ACSA) as the time taken for ACSA to fall by
half of the maximal change seen during gastric
filling. All scans and measurements were
performed by the same investigator (AKE).

ASSESSMENT OF GASTRO-OESOPHAGEAL REFLUX
A well validated intra-oesophageal pH moni-
toring system utilising an monocrystalline anti-
mony pH electrode was used over a 24 hour
period (Digitrapper Mark II solid state re-

corder, 1.5 mm diameter paediatric pH
electrode, Synectics Medical Ltd). The elec-
trode was bonded 5 cm from the end of a 3.5
Charriere gauge umbilical catheter (external
diameter 1.2 mm) with a PVC solvent
(cyclohexanone) mixed with PVC shreds. The
umbilical catheter was then connected to a
continuous perfusion manometric system
which has been described before.4 This system
was perfused at 3 ml/hour with sterile dextrose/
saline (4% dextrose, 0.18% saline) via a
Vickers IP3 high pressure pump connected to a
stainless steel capillary tube (internal diameter
0.2 mm) connected to a pressure transducer
(Hewlett Packard type 1280). The single end
opening umbilical catheter was then connected
to the transducer by a 100 cm PVC extension
tube (Vygon 1151.10). Dissolved gases were
removed from the perfusate before use by cre-
ating a partial vacuum. The output from the
transducer was received by an isolated pressure
amplifier (Hewlett Packard type 78205C) and
plotted on an Ormed 4 channel chart recorder
(type MX412) running at 1 mm/second.
The position of the lower oesophageal

sphincter was determined using this system,
and the end of the catheter then advanced into
the stomach, leaving the pH electrode 2 cm
above the lower oesophageal sphincter. The
umbilical catheter was then used as a feeding
tube for the duration of the study. Radiology
was not used.
A reflux episode was defined as a lower

oesophageal pH of < 4.0 for 15 seconds or
longer. Reflux index was defined as the
percentage of study time during which lower
oesophageal pH was < 4.0. The number of
reflux episodes and the number of reflux
episodes greater than five minutes were also
recorded. Calibration of the pH electrode was
performed before and after each study using
standard buffer solutions of pH 1.0 and 7.0
(Synectics Medical Ltd). No drift was noted.
Informed parental consent was obtained in

each case and the protocol was approved by the
local research ethical committee.

Correlation coefficients r were calculated to
define the association between gastric empty-
ing rates and individual reflux indices.

Results
GASTRIC EMPTIYING
The ultrasonic technique was well tolerated.
No infant vomited or appeared distressed dur-
ing the studies. Two feeds were studied in each
infant, making a total of 38 recordings. Only
one infant received different milk types during
the two gastric emptying studies and all others
received the same milk. The median half emp-
tying times (50% A ACSA) for all gastric emp-
tying studies (n=38) was 44 minutes (range
15-114). Taking the mean value for the two
studies performed on an individual (n= 19), the
median was 46 minutes (range 18.5-105). The
mean (SEM) difference between half emptying
times offeeds within an individual baby was 17
(3.6) minutes. There was a slight trend towards
faster gastric emptying with increasing postna-
tal age (Pearson correlation coefficient -0.6),
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Table 1 Mean (SEM) postprandial reflux indices for two feeds studied in each infant (n = 38)

Postprandial time (minutes)

0- 30 30 - 60 60 - 90 90 - 120 120 - 150 150 - 180 180 - 210 210 - 240

Reflux index (%) 2.2 (1.2) 5.5 (3.1) 3.2 (1.6) 12.3 (4.5) 19.9 (5.6) 10.8 (4.4) 5.4 (3.8) 0
Number of reflux episodes 0.16 (0.07) 0.18 (0.09) 0.21 (0.09) 0.45 (0.12) 0.37 (0.08) 0.24 (0.08) 0.14 (0.1) 0
Number of reflux episodes > 5 mins 0.05 (0.04) 0.1 (0.05) 0.05 (0-03) 0.18 (0.06) 0.26 (0.07) 0.16 (0.06) 0.14 (0.1) 0

but the study was not specifically designed to
examine this.
Mean gastric half emptying times were

longer and feed volumes greater for term
formula than for preterm formula. The num-
ber of studies for term formula were 19; mean
(SEM) half emptying time 64 (7. 1)minutes;
feed volume 48 (3.0)ml. There were 16 studies
for preterm formula; mean half emptying time
34 (4.9)minutes; feed volume 32 (2.7) ml.
Only two infants received breast milk (number
of studies=3) and mean half emptying times
were 44 (4.7) minutes; feed volume 42
(1.7) ml.

GASTRO-OESOPHAGEAL REFLUX
The position of the lower oesophageal sphinc-
ter was detected in each infant using the
manometric system. The umbilical catheter
was adequate as a feeding tube and did not
require replacement during any of the studies.

Gastro-oesophageal reflux was common:
mean (SEM) reflux index was 11.9 (2.0)%;
number of reflux episodes per 24 hours 15.4
(1.7); and number of reflux episodes longer
than 5 minutes per 24 hours 5.5 (0.8). Only
one infant, who had the highest reflux index
(39.3%), had symptoms (small vomits) during
the study period.
There was no correlation between gastric

half emptying times and any of the indices of
gastro-oesophageal reflux over 24 hours. Pear-
son correlation coefficients for average half
emptying times and reflux index, number of
reflux episodes, and reflux episodes longer than
five minutes were 0.057, 0.02, and -0.01,
respectively. As gastric emptying rates were

measured for only two feeds during the 24
hours over which lower oesophageal pH was

recorded, we performed an analysis of reflux
indices for consecutive 30 minute intervals
during each postprandial period after each of
the study feeds. Postprandial period was
defined as the time between administration of
the study feed and administration of the next
feed.

Gastro-oesophageal reflux was most com-

mon between 120 and 150 minutes after the
feed (table 1), but there was no correlation
between half emptying times and postprandial
reflux. Pearson correlation coefficients for half
emptying time of the feed and postprandial

reflux index, number of reflux episodes, and
number of episodes longer than five minutes
were 0.15, 0.30, and 0.33, respectively. In eight
infants the total postprandial reflux index was
the same for each feed despite a difference in
emptying rates between the two feeds. In five
infants a higher postprandial reflux index was
noted in the slower emptying feed compared
with the more rapidly emptying feed.
There was no correlation between feed

volume and reflux index (Pearson correlation
coefficient = 0.05), and no difference between
postprandial reflux index for preterm and term
formula. The postprandial reflux index follow-
ing the three breast milk feeds was zero in each
case. But the small number ofbreast milk feeds
studied (three) prevents any meaningful con-
clusion from being drawn. Moreover, the reflux
index for the 24 hour study period in the one

patient who received breast milk only was
I 1.1% (table 2). There was no clear correlation
between reflux index and postnatal age (Pear-
son correlation coefficient 0.37).

Discussion
Our data confirm that gastro-oesophageal
reflux is common in preterm infants. It is con-
sidered a potent cause of apnoea in this group
and may contribute to chronic lung disease
through recurrent aspiration of milk. Symp-
toms of reflux may also delay or prevent
successful enteral feeds and this in turn may
have adverse effects on growth and subsequent
neurodevelopmental outcome."9 The investiga-
tion of any potential determinants of gastro-
oesophageal reflux in this group, therefore, has
important implications for the management of
these infants.
An association between significant gastro-

oesophageal reflux and delayed gastric empty-
ing has been described in some adults and
older children; other studies, however, have
failed to show any correlation. Although there
is some evidence that delayed gastric emptying
may be a precipitating factor in gastro-
oesophageal reflux in adults, the evidence in
children, particularly infants, is much less
clear.
Our data show that although gastric empty-

ing rates are very variable in this group,
depending on feed type and volume, slower
emptying does not predispose to increased

Table 2 Gastric emptying and reflux indices according to feed type (data expressed as mean (SEM)) *

No RE >
Subjects Feed wlume GE time Reflux index / No RE / 5 minutes /

Feed type (n) (ml) (minutes) 24 hours (%) 24 hours 24 hours

Term formula 9 49 (3.3) 62 (7.7) 10.5 (3.7) 15 (3.2) 5 (1.1)
Pretermformula 8 32 (2.8) 34 (4.9) 11.4 (2.7) 15 (2.6) 6 (1.5)
Breast milk 1 40 (-) 45 (-) 11.1 (-) 19 (-) 8 (-)
* Data from the patient who received both breast and formula milk have been omitted
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gastro-oesophageal reflux. Likewise, we were
unable to demonstrate a difference in degree of
gastro-oesophageal reflux with different feed
type. Previous authors have noted differences
in reflux between infants fed formula milk and
breast milk,"2 but not between casein-
predominant, whey-hydrolysate or soy for-
mula.2" Although no difference was noted in
our study, it was not specifically designed to
investigate this factor and the number of
infants receiving breast milk was very low.
We noted a high mean reflux index of 11.9%

in our study group. This figure is higher than
that reported by Newell et al in their study of
very low birthweight infants.' There are several
possible reasons for this difference. Four
infants in our study group had reflux indices of
20% or greater and this considerably increased
the mean reflux index for the entire group. Our
study group also comprised larger, more
mature infants who were receiving larger feed
volumes at less frequent intervals (3 or 4
hourly). None of our study group was venti-
lated and they were, by definition, healthy
infants. Mechanical ventilation reduces the
degree of gastro-oesophageal reflux up to
threefold.2' Sicker infants are also more likely
to receive feeds at more frequent intervals, and
the buffering effect of milk in the stomach22
may contribute to a reduction in acid reflux,
particularly in infants who are on hourly or
continuous feeds. The fact that reflux was
more common in the third postprandial hour is
consistent with this.
The gastric emptying times recorded in our

group were consistent with our previously
reported data.'8 Again, there was a large
variability among individuals within the group.
We have shown that emptying times are related
to feed type and volume and this effect was also
seen in this group. Although there is a large
variability among infants, gastric emptying
times within an individual are reproducible
using this method,'8 but some natural physi-
ological variability still exists. In this study we
measured gastric emptying times for only two
feeds during the study period. This may not
accurately reflect the average emptying time for
gastric emptying during the 24 hours. How-
ever, careful analysis of the postprandial
periods (overall, and in segments) of the two
feeds studied showed no correlation between
gastric emptying and gastro-oesophageal reflux.
Newell et al' have shown that even very pre-

mature infants have a resting lower oesoph-
ageal sphincter pressure, and that this pressure
increases with increasing postconceptional age,
but the group was unable to demonstrate any
clear association between lower oesophageal
sphincter pressure and degree of gastro-
oesophageal reflux.' This makes the possibility
of inappropriate relaxation of the sphincter or
abnormal oesophageal motility being causal
factors in the severity of gastro-oesophageal
reflux more likely. Inappropriate sphincter
relaxation or spontaneous relaxation in the
absence of a preceding peristaltic sequence has
been described in adults24and children2"27with
severe reflux. Manometric studies have shown
disordered motor activity in such cases. Omari

et al have recently investigated this phenom-
enon in healthy preterm infants, using a minia-
ture sleeve sensor to monitor oesophageal
motility.28 They showed that preterm infants
have pronounced non-peristaltic oesophageal
motility, and postulate that this may contribute
to poor clearance of refluxed materials. Several
transient relaxations of the lower oesophageal
sphincter were also noted. These observations
may elucidate the precise aetiology of gastro-
oesophageal reflux in preterm infants, but fur-
ther studies are necessary.

In summary, we have shown that gastro-
oesophageal reflux is unrelated to gastric emp-
tying time in preterm infants using techniques
which were well tolerated. Further studies con-
tinuously measuring lower oesophageal
sphincter pressure, oesophageal motility, and
pH are required to define precisely the associa-
tion between oesophageal motility, lower oe-
sophageal sphincter pressure, and gastro-
oesophageal reflux.
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