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Gastric emptying of liquid in children suffering from
acute rotaviral gastroenteritis

P K Bardhan, M A Salam, A M Molla

Abstract
Nausea and vomiting commonly occur in
children suffering from rotaviral diarrhoea.
Gastric emptying was studied in 10 children
(age six to 12 months) suffering from acute
diarrhoea caused by rotavirus using a dye
dilution double sampling technique. The test
meal was 5% dextrose in water and this test was
repeated 12 weeks after recovery. The median
(range) of the percentages of the liquid meal
remaining in the stomach at 5, 10, 20, 40, and
60 minutes after instillation ofthe meal were 82
(79-90), 70 (61-86), 51 (38-76), 26 (14-53), and
13 (2-35) respectively in the acute stage,
whereas after the recovery period the values
were 76 (70-79), 58 (49-63), 33 (24-40), 11
(2-26), and 3 (0-7). The differences were
statistically significant. The halftime of gastric
emptying (t/2) was 19*5 (14-30) minutes in
acute stage, and 13-1 (10-15) minutes during
follow up (p<001). Rotaviral gastroenteritis is
accompanied by abnormal gastric motor
function, as manifested by delayed emptying of
a liquid meal.
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Among the different microbial pathogens
causing acute diarrhoea in children below the age
of two years, rotavirus is the most common

pathogen. ' Rotaviral gastroenteritis is character-
ised by nausea, vomiting, dehydrating diar-
rhoea, and associated constitutional symptoms
of varying degrees, generally followed by com-

plete recovery without sequelae.2 Characteristic
histological lesions have been noted in the proxi-
mal small intestinal mucosa after infection with
rotavirus,3 although no consistent morphological
change in the gastric mucosa can be identified.4
Abnormal gastric emptying has been des-

cribed in several medical conditions associated
with anorexia, nausea and vomiting, including
gastrooesophageal reflux, gastric ulcer, anorexia
nervosa and in diabetic enteropathy.5 In patients
suffering from rotaviral gastroenteritis, the
prominence of nausea and vomiting as present-
ing symptoms suggests abnormal gastric
function during the actual illness, despite the
absence of apparent infection of the gastric
mucosa. A marked delay of gastric emptying has
been observed in healthy adult volunteers
developing diarrhoea after ingestion of Norwalk
and Hawaii agents.6 No reports about gastric
emptying in children suffering from acute rota-
viral enteritis are available. The frequent occur-

rence of anorexia, nausea, and vomiting early in

the course of rotaviral infections often causes

concerns about the tolerance of oral rehydration
solutions in these patients. The present study
was designed to ascertain whether there is any
impairment in gastric emptying of liquids in

children below two years of age suffering from
acute rotaviral gastroenteritis.

Methods
Ten children below two years of age suffering
from acute watery diarrhoea of less than 48 hours
duration were included in the study. All experi-
enced nausea and vomiting from the onset of the
illness, none had clinical evidence of a systemic
illness, and none had received any antidiarrhoeal
agents or antibiotics before admission. Informed
written consent was obtained from the parents
before inclusion in the study.

Initial rehydration and subsequent mainten-
ance of hydration was carried out with intra-
venous fluids only until the gastric emptying test
was completed, after which the standard
glucose-electrolyte oral rehydration solution was
provided if required. Blood samples were
analysed for blood count, haemotocrit, electro-
lytes, creatinine, and protein content. Stool
samples were sent for microscopic examination
and comprehensive bacteriological culture, and
examination for rotavirus by enzyme linked
immunosorbent assay (ELISA) technique. The
data from those patients from whom only rota-
virus and no other pathogens were isolated are
presented here. Gastric emptying measurements
were made in the acute stage of the disease and in
each case, 12 weeks later when the patient was
asymptomatic.

ASSESSMENT OF GASTRIC EMPTYING
The double sampling marker dilution technique
of George7 was used to measure gastric empty-
ing. This technique requires the determination
of marker concentration in gastric samples
before and after instillation of a concentrated
marker. The gastric volume is calculated from
the change in the concentration of the marker,
polyethelyene glycol (PEG 4000).i Initial con-
centration of polyethelyene glycol in the test
meal was 5 g/l of 5% dextrose in water, and the
concentration of polyethelyene glycol used for
preparing the concentrated marker solution was
50 g/l of 5% dextrose in water. Both the test meal
and the concentrated marker solution were
freshly prepared each day.

After a six hour fast, a paediatric sized naso-
gastric tube was passed into the stomach, with-
out any sedation, and then positioned into the
most dependent part of the stomach." After 15 to
20 minutes resting gastric juice was aspirated,
and the stomach washed out with distilled water.
Then the test meal (20 ml/kg body wt) was
instilled through the nasogastric tube into the
stomach within the period of two minutes. At
five minutes, a 2 5 ml sample of gastric juice was
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aspirated and stored, and 5 ml of the concen-
trated marker solution was injected into the
stomach. Gastric contents were thoroughly
mixed over a one minute period by repeated
rapid aspiration and reinjection of 15 ml volumes
of gastric contents using a 20 ml syringe. After
mixing, another 2 5 ml sample was aspirated and
stored. This procedure was repeated at 10
minutes, 20 minutes, and then every 20 minutes
until the volume of aspirate became less than 2 5
ml. The polyethelyene glycol concentration of
the stored gastric aspirates was measured by a
turbidimetric method.'0
The volume of the test meal remaining at each

step was calculated according to the method of
Beckers et al" which allows volume calculation
in the stomach rather than total volume of gastric
contents which included gastric secretion,
swallowed saliva and the test meal. The calcula-
tion procedure of George7 modified by Siegel et
al'2 is as follows:

ci -Csna
V nb=V n. C5s _Cb+ 1/2 V n

na Cnb

where Vsbn=volume of gastric contents before
adding marker solution; VSna=volume of gastric
contents after adding marker solution; V'n=
volume of concentrated marker solution added;
Csnb=concentration of polyethelyene glycol
before adding concentrated marker solution;
CSna= concentration of polyethelyene glycol after
adding concentrated marker solution; C'n=con-
centration of polyethelyene glycol in the concen-
trated marker solution.

Thereafter, the volume of test meal remaining
at determination number n was calculated
according to the following general formula:"

Anb A(n- 1)b A2b t

A(n- I)a A(n-2)a Ala

where Vt =volume of test meal; Anb=amount of
polyethelyene glycol in gastric contents before
adding concentrated marker solution; Ana=
amount of polyethelyene glycol in gastric con-
tents after adding concentrated marker solution

TABLE I Clinical characteristics ofthe study population on
admission

Age (mo) 9(6-14)
Wt age % ofNCHS median 81 (76-83)
Duration of diarrhoea before

hospitalisation (h) 36 (20-48)
Haematocrit 33 (30-37)
Specific gravity (serum) 1-024(1-021-1-026)
Serum Na+ 139(136-142)
Serum K+ 3-9(3-7-4-1)
Serum Cl- 92 (87-98)
Serum TCO2 21-8 (18-6-23-0)

Results are expressed as median (range)

TABLE II Percentage oftest meal remaining in the stomach at
different time intervals

(Min) During acute illness Afterfull recovery

5* 82(79-90) 76(70-79)
10* 70 (61-86) 58 (49-63)
20* 51 (38-76) 34(24-40)
40* 26(14-53) 11(2-16)
60* 13 (2-35) 3 (0-7)
TI2O(min)* 19-5(1Re 30) 13-1 (1m15)

*p<0 01. Results are expressed as median (range).

The abbreviations used are: V=volume (ml);
C=concentration of polyethelyene glycol (mg/
ml). Raised suffixes are: A=amount ofmarker in
gastric content; s=gastric contents; i=marker;
t=test meal. Lower suffixes are: n=the serial
number of observation; b=before adding the
concentrated mark; a=after adding the concen-
trated marker.

STATISTICAL ANALYSIS
Fraction of the original volume of test meal
remaining in the stomach at the different time
intervals were calculated separately for each
patient, and mean curves were constructed from
the data points. For every time point, gastric
emptying patterns in patients during the acute
illness and after full recovery from the illness
were compared by using Wilcoxon's signed-rank
test; also data were submitted to power exponen-
tial analysis."' The parameters t1/2 and ,B were
estimated from the fitted power exponential
curve. According to this model,

f= 2 -(t/t1/2P

where f is the proportion of the test meal
remaining at time t, and t1/2 is the time at which
half the original meal has emptied, that is the half
time ofemptying. The parameter ,3, in the power
exponential, determines the shape of the curve.
The half times for emptying (t412) were calcu-

lated from the plotted curves, and the t12 in each
patient during illness and after recovery were
compared by Wilcoxon's paired signed-rank
test.

Results
The clinical status of the 10 patients is summar-
ised in Table I. None of the children was
malnourished, dehydrated, or had electrolyte
imbalance at the time of admission to the study.
The volumes of test meal remaining in the
stomach after 5, 10, 20, 40, and 60 minutes are
summarised in Table II. Significant difference
between volumes of the test meal remaining in
the stomach during the acute illness and that
after full recovery were noted in all the time
intervals. Half times of gastric emptying (t412)
calculated from the emptying curves of each
gastric emptying test are shown in Table II. A
significant delay occurred during the acute stage
of illness when compared with the state after
recovery (p<0 01). The values of 1 were 108
(0 07) in the acute state, and 1 04 (0-04) after
recovery, suggesting that gastric emptying
occurred in a nearly simple linear exponential
model (Figure). The values of the correlation
coefficient r2 shows that the curve fitting pro-
cedure was satisfactory. The absence of any
significant difference in 13 during the acute illness
and that after full recovery suggested that despite
the delayed gastric emptying during the acute
illness, the pattern of gastric emptying is not
different.

Discussion
A marked delay of gastric emptying of liquids
occurred in children suffering from acute rota-
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Gastric emptying patterns described by mean residual gastric volumes. Results are mean (SD).

viral enteritis. Delayed emptying of a test meal
from the stomach during the acute illness was
noted when compared with that of after recovery
in all the time intervals during acute illness
compared with values obtained after recovery.
These findings are consistent with earlier
observations ofdelayed gastric emptying in adult
volunteers after ingestion ofNorwalk and Hawaii
viruses,6 but the delay noted in our group of
patients was less marked than that of the earlier
study. Gastric emptying of liquids is believed to
be primarily a function of the pressure gradient
between the stomach and the duodenum.14
Factors known to influence gastric emptying of
liquids are volume of the liquid in the stomach
and the composition of the liquid which includes
osmolarity, pH, nutritive density and fat or
amino acid content.'5 These factQrs exert their
influence on the contractile activity of the
stomach by poorly characterised neural and
hormonal pathways through specific small bowel
receptors. These receptors are located in the
duodenum and the upper jejunum'6 and their
exact nature is still undefined, although it has
been proposed that the lateral intercellular
spaces between the duodenal enterocytes can act
as the single transducer of these stimuli.'7 Thus
any injury to the upper small bowel mucosa is
likely to have adverse effects on normal gastric
emptying. Experimental injury to the small
intestinal mucosa induced by various chemical
agents has been seen to delay gastric emptying to
a degree closely correlated with the severity of
mucosal injury.'8 Staphylococcal enterotoxin B,
which causes mild, short lived villus injuries in
rhesus monkeys'9 also is capable of inducing
gastric retention.20 Histological examination of
small intestinal mucosa of infants and young
children with rotaviral gastroenteritis as well as
in experimental animal models revealed varying
degrees of structural lesion characterised by
destruction of the enterocytes lining the small
intestinal villi and progressive shortening of the
villi, increases in crypt depth, and reduction of
mucosal brush border enzymes.21 22 Considering
these facts, the delay in gastric emptying noted
in the present study is not surprising or
unexpected.
That the cause of the delayed gastric emptying

is related to the rotavirus infection and not to any
disturbance ofthe body fluids is evident from the
normal serum electrolyte levels. Also, the
patients were well hydrated at the time of
carrying out the studies, as judged by their
haematocrit and serum specific gravity values.
The mechanism of this delay in gastric empty-

ing can not be explained from the present study.
Gastrointestinal hormones, such as secretin,
gastrin and glucagon can delay gastric empty-
ing23 but only cholecystokinin is believed to exert
its influence at physiological doses.24 The status
of these hormones in rotaviral enteritis is still
unknown. Neural pathways influencing gastric
emptying mediated by non-cholinergic, non-
adrenergic, and partially dopaminergic vagal
neurones5 may also be involved, and alterations
in central nervous system controls of gastric
emptying cannot be ruled out.

Gastric emptying and food intake are
intimately related,25 and a significant reduction
in food intake has been observed in children
suffering from acute rotaviral enteritis.26
Whether pharmacological modulation of gastric
emptying - for example, by cholecystokinin
blockers could lead to a reduction in intensity of
nausea and vomiting and increased food intake in
these children remains to be investigated. Also,
despite the prominence of nausea and vomiting
in acute rotavirus infection, the fact that the
gastric emptying delay is not more severe may
explain why oral rehydration therapy remains
a rational approach to the management of
dehydration in this condition.
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