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Technique

A modification to the method of
George for studying gastric
emptying
J. N. HUNT From the Department of Physiology,
Guy's Hospital Medical School, London

The method of George (1968) is convenient for
studying gastric function. However, it does not seem
to be widely appreciated that the method gives
information only on the change in the volume of the
gastric contents with time. This is determined by the
difference between the rate of gastric emptying and
the rate of gastric secretion. When the rate of gastric
secretion equals the rate of gastric emptying the
method indicates constant intragastric volume. This
restriction on the interpretation of the results of the
method of George can be overcome by using infor-
mation about gastric secretion based on the chloride
in the gastric contents.
Some data are needed to illustrate this discussion.

The table shows means for measurements made on
21 subjects (Hunt and Spurrell, 1951). The observa-
tions were made by withdrawing the whole gastric
contents at different times on different days. In this
way errors caused by incomplete mixing of gastric
secretions and the given test meal were minimized.
The volume of original meal in the stomach was

obtained from:
Volume gastric contents x concentration of
marker in gastric contents/Concentration of
marker in original meal.

The difference between the volume of the gastric
contents recovered (A) and the volume of original
meal recovered (B) represents the volume of secre-
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tions in the stomach, plus any residuum of the water
used for washing out the stomach before the meal
was given. It may be seen that the volume of secre-

tions remaining in the stomach reaches 56% of the
total volume at 90 minutes. Using the method of
George it is impossible to separate the contributions
of gastric secretion and gastric emptying to changes
in the volume of the gastric contents with time. This
can be important when comparing groups with
different rates of secretion.

This restriction on the interpretation on the re-

sults obtained by the method of George can be over-

come as follows:
Using the values for 45 minutes in the table, the

amount of Cl- in the stomach is given by:

0-271 (1) x 43.3 (mM/1) = 11-7 mM

Assuming that the mean concentration of Cl- in
the secretions entering the stomach is 140 mM/i,
(Hunt and Wan, 1968),

11.7
gives 0.084 litres, which

nearly matches the value of A-B above, 0-089 litres.
As can be seen from the other values in the same line
in the table, this is a moderately reliable method of
computing the volume of secretions in the total
gastric contents. To obtain a plot of volume of meal
remaining against time, the computed volumes of
secretions can be subtracted from the volumes of
gastric contents. Chloride can be readily titrated,
even in test meals containing buffer.
A merit of the George method is that it provides

information about the volume of gastric contents
over two hours or more. Information about the
second hour may be considerably more valuable if
the proportion of the secretion in the gastric contents
is known.

Time of sample (min) 1S 30 45 60 75 90
A volume gastric contents (1) 0520 0-368 0-271 0-172 0.121 0-087
B volume meal remaining (1) 0459 0-282 0.182 0105 0067 0-038
Intragastric volume of secretions A-B (l) 0-061 0-066 0-089 0067 0-054 0-049
A-B
- 100 12 18 33 39 45 56
A

Concentration in gastric content (mM/I Cl-) 14-5 29-9 43-3 59 1 62-0 72-9
C amount in gastric contents (mM Cl-) 7.5 11.0 11-7 10.2 7-5 6-3
C
- (1) 0 054 0-078 0-084 0.073 0-054 0-045140

Table Means for measurements in 21 subjects
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Anyone using the method of George would be
wise to consult papers by Bandes, Hollander, and
Glickstein (1940) and Hollander and Glickstein
(1940) which discuss the conditions optimal for the
use of dilution indicators.
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