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Abbreviations

APT applied potential tomography
CD Crohn’s disease
CF cystic fibrosis
EBM expressed breast milk
EGG electrogastrography
GE gastric emptying
GER gastro-oesophageal reflux
hr hour
IDDM insulin-dependent diabetes mellitus
LCT long chain triglycerides
MCT medium chain triglycerides
mo months
NICU neonatal intensive care unit
t1/2 gastric half-emptying time
wks weeks
yrs years

Introduction

Nutrients have to be taken in and assimilated by
digestive and absorptive processes. The gastro-intestinal
tract and gastro-intestinal motility are key in this
process, which can be divided in different steps. One
essential part is gastric emptying (GE). GE is influenced
by multiple factors such as humoral control mecha-
nisms, intrinsic and extrinsic neural regulation and com-
position of feedings.

Most of our understanding of GE is based on adult
physiology. Little is known about GE in infants and chil-
dren and more precisely about developmental differ-
ences that may predispose to problems such as gastroe-
sophageal reflux (GER). Delayed GE can be part of a
motility disorder and may cause a variety of symptoms
in children including abdominal pain or bloating, nau-
sea, vomiting or failure to thrive. GE studies in the pedi-
atric age group are more difficult to perform and evalu-
ate, especially in young infants.

Various techniques exist to measure GE but no single
one describes all aspects (storage of foods, mixing and
grinding, propulsion towards the pylorus,…). Studies
are based on different techniques and therefore difficult
to compare. Some techniques are also of questionable
validity.

We here intent to review the current knowledge about
GE in infants and children and to provide the state of the
art of the available techniques to study GE in this young
age group. As the reader will note, reports are few and
often conflicting due to the variety of applied methods.
We hope to provide a concise overview of published data
in order to provide a ‘base line’ and to stimulate and
facilitate further research with validated, non-invasive
methods.

Mechanism of gastric emptying

A different mechanism for GE of liquids and solids
has often been described (1,2). The stomach has two
integrated but functionally distinct parts. The proximal
stomach consisting of the fundus and the proximal third
of the body, regulates the storage and emptying of liq-
uids. Fluids are emptied at a rate that varies with the
pressure gradient between the proximal stomach and the
duodenum. The distal two thirds of the body, the antrum
and pylorus act as a grinding/mixing organ for solids.
Pressure waves or peristaltic contractions advance
towards the pylorus, propelling gastric contents. These
peristaltic contractions are controlled by the gastric
pacemaker. As the wave reaches the pylorus, the
antropyloric region restricts the emptying of particles
larger than 1 mm in diameter. Larger particles are
retained and fractionated into particles of less than 1 mm
in size by antral contractile activity. Undigested particles
remain in the stomach during the entire process. During
fasting, the pylorus is open and after a high amplitude
contraction, the remaining food particles are emptied
through the pylorus into the duodenum.

Methods to measure gastric emptying

Since various methods have been used to study GE in
infants and children, we will first briefly describe them.

The earliest used methods to study GE were invasive
techniques requiring the aspiration of gastric contents.
Presently, the aspiration of gastric contents to determine
whether the next feeding can be given, is still often used
in many neonatal intensive care units (NICU). Marker
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dilution tests and sampling techniques developed by
George (3) using non-absorbable markers (phenol red,
polyethyleneglycol) (4-6) have been widely used in
infants and children (3,7-10). George’s formula esti-
mates the remaining gastric volume and has been adapt-
ed by Hurwitz (11). So far, most of our knowledge on
GE in young infants is based on this technique but it is
an invasive method that is difficult to perform and caus-
es discomfort. The placement of a tube also influences
motility (12). This method may be clinically useful but
is obviously inaccurate. The reproducibility of this tech-
nique is very poor in vitro (unpublished data).

Imaging techniques are another group of methods to
measure GE. Radiology is descriptive and can exclude
mechanical obstruction and anatomical deformities.
Radioscintigraphy is currently the gold standard for
quantifying GE in adults (13-15). Radiation and trans-
portation of the patient limits its application in small
children. Magnetic resonance imaging generates images
of the stomach and its contents. Disadvantages of this
otherwise non-invasive technique are high costs of the
equipment and the need for sedation to keep the infant
immobile (16). Real-time ultrasound is a non-invasive,
radiation free technique. A serie of scans displays the
volume of cross-sectional slices. Serial measurements 
of the 2 main axes of the antrum after a meal are related
to GE. This elegant technique is however operator
dependent and observation time is brief (17,18).

Epigastric impedance and applied potential tomogra-
phy (APT) measure GE based on changes in electrical
impedance in the upper abdomen. Epigastric impedance
measures the impedance in the anterior-posterior plane
by passing a current between two input electrodes, one
anterior and one posterior to the stomach and recording
the potential difference between two electrodes placed
on opposite sides of the abdomen. APT uses 16 elec-
trodes and generates tomographic images of changes in
electrical resistivity. Computer assisted region-of-inter-
est analysis of the serial images then yields a profile of
gastric emptying. These techniques are attractive non-
invasive methods that have recently been used in young
infants (19,20).

Breath tests are non-invasive tests, using a substrate
(acetate, octanoic acid) labelled with a stable isotope 13C.
After metabolization of the marker, 13CO2 is expired in
the air. The rate of appearance of 13CO2 reflects GE (21-
23). A breath test is easy to perform in children and is
reproducible (24). Manometry and EGG are not directly
able to evaluate gastric emptying but are useful to eval-
uate the quality of mechanical and myoelectrical phe-
nomenons underlying the emptying function. Antro-
duodenal manometry measures intraluminal pressures,
generated by phasic contractions of the gut wall and
enables to demonstrate motor dysfunctions (25).
Electrogastrography detects gastric electrical activity
through cutaneous electrodes attached to the epigastric
skin. This is an attractive, non-invasive method that can
be easily performed in infants and children and has no

risk of adverse effects but analysis can be hampered by
artefacts (26).

Development of gastric emptying

The pre- and postnatal development of GE is present-
ed schematically in figure 1. The gut tube is created by
embryonic folding during the 6th gestational wk. The
stomach appears as a fusiform dilatation by the foregut.
By the end of the 7th wk the stomach has descended into
the abdomen and acquires the anatomy characterizing its
mature position (27). By about 7 mo gestation, the stom-
ach muscles appear mature, both morphologically and
histologically. In utero, GE of swallowed amniotic fluid
has been noted as early as 26 wks gestation using a lin-
ear-array ultrasound scanner (28) and at 30 wks gesta-
tion using amniography (29). Nagata et al. also exam-
ined changes in gastric dimensions with real-time ultra-
sound (30). They found that measuring the fetal stomach
is feasible after 10 - 12 wks of gestation and that longi-
tudinal and anteroposterior gastric dimensions increase
in a linear fashion with advancing gestation. The size of
the stomach increases from 16 - 17 to 26 - 27 wks (pos-
sibly complementary to the growth of the fetus) but
remains unchanged between 26 - 27 and 32 - 33 wks.
This period probably corresponds to maturing gastro-
intestinal motility and propulsion of gastric contents
through the pylorus into the intestine. The fetal gastric
dimensions increase again from 32 - 33 to 36 - 37 wks
of gestation. 

Developmental changes have also been studied in
preterm and term infants. Manometric studies docu-
mented poorly developed antroduodenal motor activity
prior to 30 wks gestation, cluster activity between 30
and 34 wks and a more mature pattern towards
term (31). A study comparing preterm and term infants
concluded that antroduodenal coordination increases
with gestational age (32). A normal gastric electrical
rhythm can be detected by surface electrodes in preterm
infants of 29 – 34 wks gestational age and becomes
dominant at around 35 wks (33). Gastric electrical activ-
ity using electrogastrography and gastric emptying using
ultrasound have also been studied by Riezzo et al., in
preterm and term newborns. They demonstrated a pro-
gressive increase in normal slow wave percentage as
gestation advanced (59% in preterms 28-32wks, 61% in
preterms 32-36wks and 78% in full-term newborns).
Gastric half emptying time was longer in the preterm
newborns of 28-32 wks (83 min) than preterm newborns
of 32-36 wks (70 min) and full term newborns (72 min)
(34). Chen et al. also studied patterns of gastric myo-
electrical activity in human subjects of different ages.
They reported that the percentage of 2-4 cpm slow
waves was 27% in preterms, 30% in full-term newborns,
70% in 2-6 mo old infants, 85% in 4-11 yrs children and
89% in adults (35). 

A maturation process of gastric myoelectrical activi-
ty has also been described with advancing postnatal age.
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During the first days after birth, electrogastrography,
showed a progressive increase in percentage normal
slow waves : 36.7%, 37.8%, 47%, 52%, 55% and 65.8%
at 1 and 2 wks and 1, 2, 4 and 6 mo respectively (36).
A significant difference in percentage of regular slow
waves between newborns and 2-6 mo old infants
suggests a maturation process during these first
months (35,36). 

Clearly, all of these studies agree that GE commences
during fetal life, improves towards term and becomes
increasingly efficient during the first year of life. 

Gastric emptying in healthy infants and chil-
dren

Until now, only limited data for GE in healthy infants
and children of different age groups have been pub-
lished. Normal GE rates in children have been difficult
to establish for ethical reasons because only invasive or
radioactive methods were available. However, improved
knowledge and understanding of normal physiology
would allow clinicians to design more effective thera-
peutic modalities.

Table 1 provides an overview of GE studies per-
formed in healthy preterm and term newborns. GE is
expressed as t1/2, the half-emptying time which is a valu-
able and meaningful parameter. The difference in tech-
niques, the different gestational ages and postnatal ages
and different testmeals (standard formula milk or
expressed breast milk (EBM)) make comparisons diffi-
cult and meaningless. However, table 1 demonstrates
faster emptying of clears than milk testmeal and faster
emptying of human milk than formula. The mean half-

emptying time (t1/2) in these studies (7,8,17,20,22-
24,34,37) ranges from 25 to 36 min in breast fed preterm
infants, from 45 to 83 min in formula fed preterm
infants. In term infants, t1/2 was a value of 48 min for
human milk and ranges from 65 to 87 min for formula
milk (20, 38-40). Non-caloric liquid (water) is emptied
very quickly (t1/2 : 7min) (40).

Table 2 summarizes studies of liquid and solid emp-
tying in healthy children (41-51). GE is expressed in t1/2,
in percentage emptied after 1 hr or in time necessary for
complete emptying. A scintigraphically measured resid-
ual of milk of 36 to 68% at 1 hr in infants and 42 to 56%
in older children was considered normal (42). Maxson
reports as normal to have at least 32% emptied at 60 min
(52) while Fonkalsrud et al. consider more than 40%
emptied at 90 min as normal (53). However, it is impos-
sible to establish reference values based on these data
since different techniques, different outcomes and only a
few studies with a small number of subjects are avail-
able. In addition, wide ranges were reported. Figure 2
lists GE values of normal infants and children reported
in studies expressing results in t1/2. It is clear from this
table that solids empty slower than liquids and that milk
empties slower than clear liquids. Reference values for
GE, obtained with a consistent methodology in a large
pediatric cohort are needed in order to discriminate nor-
mal from abnormal GE in infants and children.

Variables affecting gastric emptying

GE rates are influenced by chemical, nutritional and
physicochemical properties of ingested food, probably
due to neural and hormonal influences on gastric muscle
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Table 1. — Gastric emptying in healthy preterm and term infants according to various methods

Method Population Gest age Postnatal Testmeal Result (min-max) / Reference
age ± SD

radioscintigraphy 25 term infants 1-10 wks formula milk T1/2 : 87 min ± 29 Signer, 75

marker dilution technique 11 preterms 33-38 wks 1-9 wks human milk T1/2 : 25 min ± 11.5 Cavell, 79
formula milk T1/2 : 51 min ± 9.8 Cavell, 82

marker dilution technique 17 term infants NA NA human milk T1/2 : 48 min ± 15 Cavell, 81
formula milk T1/2 : 78 min ± 14

ultrasound 17 preterm infants 25-36 wks 1-8 wks human milk T1/2 : 35 min (20-63) Newell, 93
formula milk T1/2 : 45 min (20-63)

ultrasound 14 preterm infants 30-35 wks 4-26 d human milk T1/2 : 36 min (10-70) Ewer, 94
formula milk T1/2 : 72 min (40-120)

ultrasound 6 term infants NA 14-49 d formula milk T1/2 : 75 min ± 13 Lambrecht, 88

ultrasound 12 preterms 28-32 wks NA formula milk T1/2 : 83.4 min (76-108) Riezzo, 2000
11 preterms 32-36 wks NA formula milk T1/2 : 70 min (57-89)
10 term infants > 37 wks NA formula milk T1/2 : 71.8 min (55-81)

APT 53 preterm infants 25-36 wks 19-30 d formula milk / EBM T1/2 : 44.5 min ± 3.1 Nour, 95
electrolyte solution T1/2 : 21.5 min ± 2.3

APT 29 term infants NA 5-7 wks formula mik / EBM T1/2 : 41.3 min ± 3.1
electrolyte solution T1/2 : 22.0 min ± 1.8

epigastric impedance 26 term infants 36-42 wks NA water T1/2 : 7 min (2.8-12.5) Lange, 97

13C octanoie acid BT 11 preterm infants 27-35 wks NA formula milk T1/2 : 57 min (17-100) Veereman-
Wauters, 96

13C octanoie acid BT 28 preterm infants 25-36 wks 5-64 d formula milk/EBM T1/2 : 42 min ± 48 Barnett, 90

13C octanoie acid BT 29 preterms/term inf 27-41 wks 7-74 d human milk T1/2 : 47 min (16-86) Van Den
Driessche, 99

formula milk T1/2 : 65 min (27-98)

NA : not available.

Table 2. — Gastric emptying of liquids and solids in healthy infants and children

Method Population Age Testmeal Result (min-max) / Reference
age ± SD

LIQUIDS
marker dilution technique 20 infants/children 2-24 mo water 53% after 15 min ± 22.3 Euler, 80

radioscintigraphy 41 infants 1-23 mo milk 48% emptied after 1 hr ± 16 Seibert, 82
8 children 2-14 yrs milk 51% emptied after 1 hr ± 7

epigastric impedance 45 children 7 mo-17 yrs orange squash (liq) T1/2 : 13.5 min ± 7.2 Smith, 93

APT 6 children 3 mo-17 yrs cow’s milk T1/2 : 61.5 min ± 8.6 Ravelli, 92
5% glucose T1/2 : 10.7 min ± 2.3

ultrasound 12 infants 3-13 mo formula milk complete GE after 79 min ± 19.3 Carroccio, 92

13C octanoic acid breath test 15 children 4-15 yrs full cream milk T1/2 : 86 min (20-240) Maes, 95

13C acetate breath test 30 children 4.4 ± 3.5 yrs milk T1/2 : 74 min ± 12 Gatti, 2000

SOLIDS
radioscintigraphy 17 children NA pancake T1/2 : 72.2 min (61-83) Collins, 97

radioscintigraphy 11 children 5-11 yrs pancake T1/2 : 78 min ± 18 Montgomery, 98

radioscintigraphy 8 children 6-12 yrs omelet sandwich 58% retention after 1 hr ± 7 Okan, 97

radioscintigraphy 8 children 3-12 yrs scrambled egg 55% retention after 1 hr ± 11 Staiano, 96

13C octanoic acid breath test 15 children 4-15 yrs pancake 150 kcal T1/2 : 58 min (40-125) Maes, 95
13C octanoic acid breath test pancake 250 kcal T1/2 :91 min (35-240)

NA : data not available.
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contractility. Again, the application of different tech-
niques may yield conflicting results.

In infants the importance of osmolarity was demon-
strated : a high osmolar load delays GE (54). Collares et
al. described after aspiration of gastric contents that
gastric retention 10 min following ingestion of a
422 mOsm/kg, a 312 mOsm/kg and a 224 mOsm/kg
solution was 50, 30 and 15% respectively (55). Based on
those results, 200-300 mOsm/kg formula’s were recom-
mended in clinical practice. However, Siegel et al.
reported using the marker dilution technique that a rela-
tively higher osmolar load (448 mOsm/kg vs 279
mOsm/kg) does not inhibit GE (9). Similar GE times
were noted for both formulas with approximately half of
the initial gastric contents remaining at 30 min. This
illustrates the importance of using a reliable technique.
Based on clinical experience it seems probable that
osmolarity influences GE.

The effect of caloric density on GE in preterm infants
has been studied by Siegel and Husband (56,57). Using
the dilution technique, they now demonstrated a signifi-
cant inhibition of GE related to increasing caloric densi-
ty. According to Hancock et al., gastric contractions
decreased when a 24 kcal/oz (0.80 kcal/ml) formula was
ingested in comparison with a 20 kcal/oz (0.66 kcal/ml)
formula with similar osmolarity (58).

Feeding composition significantly affects GE in
infants. Human milk empties faster than formula milk,
as shown by various methods, with a difference in t1/2 of
48 and 78 min (marker dilution technique) (8) ; 36 and
72 min (ultrasound) (37) and 47 and 65 min (breath test)
respectively (23). The nature of the milk also influences
the interdigestive motility pattern. As demonstrated by
Tomomasa, the MMC appeared in 75% of breast fed
infants but only in 17% of formula fed infants (59).
Since human milk and infant formulas used in these

studies have equal osmolarities and almost similar
caloric densities, the reason for their different emptying
may be their protein and/or fat composition.

Addition of a breast milk fortifier impairs GE accord-
ing to Ewer but not to Mc Clure (60,61). Ewer found,
using an ultrasonic technique, a t1/2 of 21 min for unfor-
tified breast milk and 48 min for fortified breast milk.
T1/2 according to Mc Clure, who also used ultrasonogra-
phy, was 46 min for unfortified breast milk and 47.2 min
for breast milk with added fortifier. The different caloric
content of both breast milk fortifiers (18 vs 10
kcal/100ml) probably explains this discrepancy. It is the
higher caloric content that affects GE.

Traditional nutrients may also have a variable influ-
ence on gastric emptying. The use of formulas with
medium chain triglycerides (MCT) as fat content result-
ed in faster GE than long chain triglycerides (LCT)
using the double sampling method (62). However,
Sidebottom et al. and Pascale et al. reported that the
fatty acid chain length of the triglycerides do not influ-
ence GE (54,63). The rapid emptying of starch in com-
parison to glucose in young infants with a known pan-
creatic amylase deficiency could suggest that emptying
is rapid when digestion is impaired (57). Protein com-
position is another essential factor contributing to differ-
ences in GE. Infants fed casein-predominant formulas
have significantly slower GE rates than infants fed
whey-predominant formulas, as shown by scintigraphy
(64,65). Promptly emptied milks (human milk, hydrol-
ysed proteins, acidified cow’s milk and whey predomi-
nant formulas) could be distinguished from slowly emp-
tied milks (follow-up formulas, cow’s milk and casein
based formulas) by scintigraphy (66). Soy formula was
shown to empty faster than casein but slower than whey
using scintigraphy (64). On the other hand, Thorkelsson
et al. concluded, again based on scintigraphy, that GE of
preterm infants fed casein predominant formulas is sim-
ilar to those fed whey formulas (67). A probable expla-
nation for the slower emptying of casein is the floccula-
tion occurring at the low pH, thus forming curds in the
stomach while whey remains liquid (68). Moreover,
casein releases opioid peptides during digestion, which
inhibit gastro-intestinal motility by direct interaction
with gut opiate receptors (69).

Claims about the effect of non-nutritive factors,
including temperature, phototherapy, position and non-
nutritive sucking on GE times are variable. Changes in
body position may affect GE. More rapid emptying has
been reported in the prone and right lateral positions,
delayed GE in the left lateral and supine positions
(70,71). However, Blumenthal et al. indicated no signif-
icant postural differences in the pattern of stomach emp-
tying (72). Jaundice was shown to decrease GE, with
resolution after phototherapy when jaundice resolved
(10). This is a contradiction with an earlier report show-
ing that phototherapy had no effect on GE (73). It has
been speculated that sucking may improve gastro-
intestinal motor function : gastric retention decreased
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when infants were using a pacifier (74). Szabo et al.
however, failed to demonstrate that non-nutritive or
nutritive sucking would improve GE in healthy preterm
infants (75). Temperature differences of formula milk
(6°C, 24°C, 37°C) do not seem to have any effect on
GE (76). However, Gonzales et al. and Collares et al.
found larger gastric retentions for low temperature solu-
tions (4-10°C versus 27-37°C) (77,78).

Therapeutic agents that increase GE in children and
adults are effective candidates for treating gastric reten-
tion in premature infants. Metoclopramide increases GE
rate in preterm and term infants (79,80). Cisapride and
low-dose erythromycin increase emptying rates in
preterm infants (81-83). On the other hand, a recent
study demonstrated that cisapride delays GE in preterm
infants (84). Moreover, in children with chronic intesti-
nal pseudoobstruction, cisapride increased postprandial
duodenal motility but also failed to improve GE (85).

In summary, important factors influencing GE are
caloric density, osmolarity and protein composition. A
higher caloric content, a higher osmolarity and a caseine
predominant formula probably slow GE. Minor factors
are the non-nutritive factors. However, we lack informa-
tion on many other potentially therapeutic interventions
such as continuus versus intermittent tube feeding and
specific formula’s since compositions vary in many
aspects. It is clear that the effect of prokinetics is so far
very poorly documented in infants and children. Studies,
using validated methods, would serve an evidence based
approach of pediatric motility problems.

Gastric emptying in infants in disease state

An important question is the effect of various pedi-
atric diseases on GE. In cystic fibrosis (CF) GE appears
to be faster : Cavell showed (using the marker dilution
technique) that liquids empty faster (8) and Collins that
solids empty significantly faster in CF subjects com-
pared with normal, healthy controls (53 vs 72 min) (48).
Maldigestion, influencing the variables discussed previ-
ously, may play an important role. However, Cucchiara
et al. demonstrated a prolonged GE rate in 26 of
29 patients with CF using ultrasonography (240 vs
140 min) (86). Also, in a study of De Boeck et al., 4 of
11 patients with CF had a delayed gastric emptying
(using the 13C octanoic acid breath test) (87).

In Crohn’s disease (CD), solid emptying was signifi-
cantly delayed in 5 of 7 children (9-18 yrs) who were
also malnourished (88). Gryboski also showed that 15 of
45 children with CD had delayed solid and 1 had
delayed liquid emptying. Studies repeated 6-15 mo later,
after establishment of weight gain showed significant
improvement in GE. Our own data demonstrate normal
GE (using the 13C octanoic acid breath test) in 16/20
children with inactive CD (89).

The relationship between GER and GE remains
unclear. During infancy, GER is commonly seen in

otherwise healthy babies. Multiple mechanisms have
been suggested to account for GER in this patient group,
including inappropriate relaxation of the LES, delayed
esophageal acid clearance and delayed GE. 

Hillemeier studied infants less than 2 yrs and indicat-
ed that infants with severe GER were likely to have sig-
nificantly delayed GE (90). GE was prospectively eval-
uated in 99 infants and children with symptomatic GER.
Twenty eight percent of patients with GER had delayed
GE (91). Livoti applied ultrasonography to evaluate GE
in infants under 6 mo with GER. The authors described
3 types of GE rates and curves : normal, abnormal and
intermediate (92). Di Lorenzo investigated 477 infants
and children (93). A significant delay in GE was found
only in GER patients over 6 yrs. Gastric motility was
investigated by simultaneous measurement of GE by
ultrasonography and gastric electrical activity with elec-
trogastrography (94). Abnormal gastric electrical activi-
ty was commonly detected in GER patients in associa-
tion with delayed GE. Delayed GE has often been
demonstrated in neurologically impaired children with
GER (95-97). Damage to the developing central nervous
system may result in significant dysfunction in the gas-
tro-intestinal tract and is reflected in GER. However,
some authors found no relationship between GE and
GER. Ewer and Rosen found no association between GE
and GER in preterm infants and pediatric patients using
ultrasonography and scintigraphy respectively (0-16 yrs)
(98,99). Jolley studied 109 children referred for an eval-
uation of GER and concluded that GE of clear liquids
was not decreased in most children with GER, regard-
less of symptoms (100). Moreover, the GE rate of water
in 30 children without and 15 with GER was similar at
all time intervals (101). Thus, findings are controversial
but we would comment that again the methods and test
meals are of utmost importance. For example, water
evacuates very rapidly from the stomach and may not be
a sufficient challenge to demonstrate differences in GE.
Also, in patients with more complex GI motility distur-
bances, such as cerebral palsy, it seems obvious that
GER and gastroparesis both occur.

The influence of feeding on the association of
delayed GE and GER was also studied. Heacock et al.
showed significant differences in newborns fed human
or formula milk (102). Human milk resulted in faster GE
and less GER, while formula induced a longer GE
process as well as more GER. The difference in GE of 3
formulas (casein, soy and whey) was studied in infants
with GER. Casein based milk emptied slower than soy
and whey based formula. Therefore, replacement of
casein by soy or whey based formula may reduce GER.

Sutphen studied the effect of various carbohydrate
solutions with different osmolarity, the effect of different
feeding volumes and the addition of MCT’s (103-105).
High osmolarity feedings and large feeding volumes
were related to more GER and corresponded with slower
GE. Adding MCT’s produced no improvement in GER
rates. These data support the association between GER
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and GE and offer therapeutic options by modulating
nutritional factors.

Delayed GE was occasionaly described in various
other diseases : in girls with Turner syndrome (51), in
infants with congenital heart disease (106), in children
with acute rotaviral gastroenteritis (107), in esophageal
atresia (49), in chronic renal failure (108) and in a case
of Sandifer syndrome (109). Again delayed GE or
gastroparesis may be part of more generalized GI dys-
motility, as is the case in insulin-dependent diabetes
mellitus (IDDM). GE studied by ultrasonography was
delayed in 65% of IDDM children (mean age 9 yrs)
(110).

GE was also studied by real-time ultrasonography in
children with non-ulcer dyspepsia by Cucchiara (26).
Mean GE time was significantly prolonged in dyspeptic
patients compared with controls (182 vs 102 min).
Abnormal gastric myoelectrical activity may play a role
in the pathogenesis of pediatric functional dys-
pepsia (111).

GE was investigated by Nour et al. using APT in a
group of 49 vomiting infants with infantile hypertrophic
pyloric stenosis (112). The results confirmed little or
absent GE of a Dioralyte feed before the operation and a
gradual return to normal emptying by the 7th postopera-
tive day. GE was evaluated by ultrasonography in 41
healthy children (2 to 18 yrs) and 30 patients (1-19 yrs)
who had undergone pyloromyotomy. GE post pyloromy-
otomy was similar to healthy controls (113).

Conclusion

Gastric emptying has been first detected at 26 wks of
gestation and matures progressively towards term. After
birth, changes in gastric motor activity suggest further
maturation during the first months of life. Various meth-
ods exist to measure GE. The introduction of a number
of non-invasive techniques facilitate clinical research so
that insight in normal physiology rapidly progresses. GE
is clearly influenced by dietary and non-dietary factors
and is affected in a number of pediatric diseases and
may explain some functional conditions. Abnormal GE
has been documented in a wide variety of clinical con-
ditions. Patients usually present with non-specific symp-
toms such as intermittent or constant nausea, vomiting,
bloating or post-prandial abdominal pain. Initial work-
up usually includes X-rays and/or upper GI endoscopy.
These studies are necessary to rule out mechanical
obstruction. When these examinations fail to explain the
patient’s symptoms, functional problems, various non-
invasive methods are available to study GE or gastric
electrical activity. More data are needed on their effect.
But in order to evaluate their action, we also need refer-
ence data. Further research on GE will allow a better
understanding of normal and abnormal physiology and
evaluation of therapeutic modalities.
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