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Gas Production After Reaction of Sodium
Bicarbonate and Hydrochloric Acid
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Ingestion of sodium bicarbonate has been implicat-
ed as one of the proximate causes of spontaneous
gastric rupture. However, the volume and rate of gas
released from the reaction of ingested sodium bicar-
bonate and gastric acid has not been previously
studied in detail. We, therefore, developed an in
vitro method for measuring gas release after addi-
tion of sodium bicarbonate to a sclution containing
hydrochloric acid. From the results of our studies,
we conclude that even though hydrochloric acid and
sodium bicarbonate react instantaneously, the re-
sulting gas production is slow, mainly because CO,
produced from the dehydration of carbonic acid
dissolves in water and is only slowly released into
the gas phase. The major exogenous factors that
determine the rate of gas release are the volume of
the solution, the quantity of reactants, the air vol-
ume over the reaction mixture, the partial pressure
of CO, of the acid solution before the addition of
bicarbonate, and the stirring rate. The presence of
food, alcohol, and carbonic anhydrase had relative-
ly little if any effect. Based on our results, we believe
that ingestion of the recommended dose of sodium
bicarbonate (one-half teaspoon) would result in only
small amounts of sudden gas release, probably not
enough to be an important factor in causing sponta-
neous gastric rupture. On the other hand, we mea-
sured the amount of sodium bicarbonate that people
actually select to take for indigestion, and all ex-
ceeded the recommended dose. Some people select-

Received January 11, 1984. Accepted May 15, 1984.

Address requests for reprints to: John S. Fordtran, M.D., Depart-
ment of Internal Medicine, Baylor University Medical Center,
3500 Gaston Avenue, Dallas, Texas 75246.

This work was supported by grant AM-17328 to CURE (Center
for Ulcer Research and Education) from the National Institute of
Arthritis, Metabolism and Digestive Diseases, and the Southwest-
ern Medical Foundation’s Abbie K. Dreyfuss Fund, Dallas, Texas.

© 1984 by the American Gastroenterological Association

0016-5085/84/$3.00

ed doses of bicarbonate that would result in several
hundred milliliters of gas release within 3 min; it
seems likely that such injudicious ingestion of sodi-
um bicarbonate, if taken when the stomach was
distended with air, food, and liquid, could be an
important factor in spontaneous gastric rupture.

Sodium bicarbonate, as baking soda, is widely used
as a home remedy for indigestion. It reacts with
hydrochloric acid in the foliowing way:

CO, + H,0

0
HCl + NaHCO; — H,CO; + NaCl.

The reaction of HCl and NaHCO; to form carbonic
acid and sodium chloride is instantaneous; hence,
sodium bicarbonate is a rapidly acting antacid (1).
The decomposition of carbonic acid to CO, (and
water) accounts for the second characteristic effect of
sadium bicarbonate when taken for indigestion, i.e.,
the facilitation of a belch. However, little is known
about the rate of release of CO, gas when sodium
bicarbonate is added to a solution containing hydro-
chloric acid, and belching does not always follow
ingestion of sodium bicarbonate.

The usual recommended dose of baking soda is
one-half teaspoon which, if accurately measured,
contains ~1.6 g of sodium bicarbonate.* This is
close to the pharmaceutical definition of the weight
of one-half teaspoon of water, whichis 1.8g. A1.8g
measure of baking soda contains 21.4 mEq of sodium
bicarbonate. Its ingestion would produce 21.4 mmol

* Three randomly selected teaspoons were filled level with
sodium bicarbonate (using baking soda from Arm & Hammer,
Church & Dwight Co., Inc., Piscataway, N.J.). The sodium bicar-
bonate from the 3 teaspoons was then accurately weighed.
Weights were 3.0, 3.2, and 3.3 g, the average being 3.2 g per level
teaspoon.
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of CO,, assuming that the stomach contained at least
21.4 mEq of HCI. If this 21.4 mmol of CO, remained
in solution, gastric volume would not be expanded.
On the other hand, if 21.4 mmol of CO, evolved
suddenly into the gas phase, gastric volume would
be suddenly increased by 475 ml. It has been postu-
lated that such gas release may be a contributing
cause of “spontaneous gastric rupture” (2—10).

The rate and quantity of CO, gas actually liberated
by the reaction between NaHCO; and HCI depends
on several factors. First, assuming that there is no
carbonic anhydrase in gastric contents, the rate de-
pends on the noncatalytic dehydration of carbonic
acid. This reaction is rather slow and is further
retarded by the presence of nonbicarbonate buffers
in the solution. Second, a significant fraction of the
generated CO, may remain dissolved in the solution.
For example, if the reaction occurs in a closed,
distensible container in which there is initially no
overlying gas, the partial pressure of the liberated gas
will be equal to atmospheric pressure minus the
water vapor pressure, or ~720 mmHg. At this partial
pressure, ~23.8 mmol of CO, would be dissolved
per liter of solution, assuming a solubility factor of
0.033 mM/mmHg. Stated in another way, under
these conditions there would have to be >23.8 mmol
of CO, produced before there would be any gas
released, if the liquid volume of the reaction mixture
was 1 L. Finally, the rate of gas release will be
critically dependent on the surface-volume relations
in the container in which the reaction occurs and the
extent of mixing. Because of the uncertainty of these
factors, it is difficult to predict the rate and volume
of CO; generation within the stomach after people
ingest sodium bicarbonate.

It was the purpose of the present set of experi-
ments to measure the volume of gas released by the
reaction of hydrochloric acid and sodium bicarbon-
ate, under conditions that would simulate as nearly
as possible the use of baking soda in people who
have abdominal distress associated with overeating.

Methods

The method used in most of our experiments is
illustrated in Figure 1. When water or gas is introduced or
if gas is produced within the reaction chamber (A), an
equal volume of air/gas is displaced into D, which causes
water to be displaced into the graduated cylinder E. A
layer of oil was added to the water in D so that CO,
released from A could not be redissolved in the water in D.
If the levels of water in D and E are kept equal, by adjusting
the height of either D or E, the pressure in the entire system
(measured with C in Figure 1) is equal to zero (atmospheric
pressure). If the water level in D is higher than in E, there is
a negative pressure in A. If the water level in D is lower
than in E, there is a positive pressure in A.
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Figure 1. A model of the method used to measure gas release. See
text (Methods) for explanation.
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In all of the studies reported herein, the temperature of
the acid solution in A was 37°C. Unless otherwise stated,
stirring was with a 3-in. magnetic bar, which was nearly as
long as the diameter of the reaction chamber (A in Figure
1); solutions added to A were poured in and allowed to
drain through B, which took from 5 to 20 s, depending on
the volume of solution being added; all volume measure-
ments were made with the water levels in D and E equal,
so that there was no positive or negative pressure in the
system; and the acid solution was preequilibrated with 5%
CO..

To measure gas produced within the chamber after
sodium bicarbonate (as baking soda) was added, the vol-
ume of water in which the bicarbonate was dissolved was
subtracted from the volume of water collected in E. For
example, if 180 ml of water containing bicarbonate was
added to A, and 200 ml of water was collected in E, the
volume of gas produced was 20 ml.

During initial review of this manuscript, it was suggest-
ed that the tubes connecting the bottles may have restrict-
ed diffusion of CO, gas, and thus impeded gas release. To
evaluate this, the method was modified by replacing D and
E with a syringe. Released CO, gas would increase pres-
sure in the reaction chamber; however, we aspirated gas
(via the syringe) at whatever rate was necessary to keep
pressure in the chamber at zero. Therefore, there were no
tube diffusion barriers to gas equilibration. This system in
essence allows the reaction chamber volume to expand
infinitely, and thus to mimic receptive accommodation of
the stomach. As before, to measure gas produced within
the chamber, the volume of water in which the bicarbonate
was dissolved was subtracted from the volume of gas
aspirated from the syringe. Studies carried out with this
modified method are specifically indicated under Results.

Results
Validation Studies

First, using the method shown in Figure 1,
known volumes of air, CO, gas (100%), or water were
introduced into the system at B. The measured
volume recovered, compared to the known amounts
introduced, were almost identical in every instance.
Second, the tubing in the system does not constitute
a diffusion barrier that limits CO, gas release, as gas
release was similar in the modified experimental
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system wherein gas did not have to diffuse through
tubing in order to be measured.

Reproducibility

In these studies, the volume of the acid solu-
tion was 1000 ml, containing 100 mEq of HCI, and
1.8 g of sodium bicarbonate was added after being
dissolved in 180 ml (6 oz) of water. The results are
shown in Table 1. Estimation of gas release varied by
<15 ml when the experiment was repeated on five
occasions. The volume of gas released after 10 min
(57 ml) was much less than the amount of CO, gas
that would theoretically be produced (475 ml) by the
reaction of 21.4 mEq of NaHCO; and 21.4 mEq of
HCI.

Effect of Stirring Rate

In these studies, the volume of acid solution
was 1000 ml, containing 100 mEq of HCl. To this
volume 1.8 g sodium bicarbonate was added after
being dissolved in 180 ml (6 0z) of water. The results
are shown in Table 2. Gas production was highly
dependent on stifring, increasing by a factor of
nearly 20 when no stirring and maximum stirring
were compared. However, even at the highest stir-
ring rate, the gas released after 10 min was much less
than the amount of CO, theoretically produced by
the reaction of 21.4 mEq of NaHCO; with excess acid
(257 ml collected, 475 ml theoretically produced).

Gas Production After Three Hours

In three studies, using the experimental con-
ditions described in the previous paragraph with
“slight whirlpool” stirring, observations on gas pro-
duction were made for 3 h. The results were as
follows: 10 min, 110 ml; 0.5 h, 208 ml; 1 h, 278 ml;
1.5h,330ml; 2 h, 368 ml; 2.5 h, 398 ml; 3 h, 425 ml.
Thus, after 3 h, almost all of the theoretically pro-
duced gas (425 of 475 ml) was collected.

Effect of Volume of Acid Solution on CO,
Released

In these studies, all acid solutions were 0.1 N
except for the 100 ml volume solution, where 0.2 N
HCI was used. To these solutions 1.8 g of sodium
bicarbonate was added; the volume of water in
which it was dissolved was 180 ml in all studies
except for the 100 ml volume of acid, where bicar-
bonate was dissolved in only 20 ml of water so as to
minimally dilute the reaction volume. The results
are shown in Table 3. Gas release was highly depen-
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Table 1. Reproducibility of the Experimental Method in
Five Separate Tests

Gas produced (ml)

1min 2min 3 min 4 min 5 min 10 min
a 10 20 25 30 35 60
b 0 10 20 25 35 65
[ 0 5 10 20 25 50
d 10 20 25 30 35 55
e 0 10 20 30 40 55
Average 4 13 20 27 34 57
(Range) (0-10] (5—20) (10-25) (20-30) (25-40) (50—65)

In all studies, the volume of acid solution was 1000 ml, containing
100 mEq of HCI, temperature was 37°C, stirring rate was 60 rpm
with a 3-in. magnetic bar, acid solution was preequilibrated with
5% CO,, and 1.8 g of bicarbonate was added after being dissolved
in 6 0z of water. The reaction chamber volume was 2000 ml.

dent on the volume of the reaction solution, being
highest with lowest volume of solution.

In the studies reported in Table 3, the volume of
air/gas above the reaction solution was variable,
depending on the volume of acid solution and the
size of the reaction chamber. Therefore, the experi-
ment was repeated with specially constructed reac-
tion chambers, wherein the volume of the solution
could be varied while the amount of air/gas over the
solution was constant. Using a small reaction cham-
ber, the reaction volume was 850 ml, whereas with a
large reaction chamber the reaction volume was
2130 ml. The amount of air/gas over the solution was
constant at 190 ml, and the surface area between the
gas and liquid phases was constant at 78 cm?®. Gas
release was measured by the modified method, using
a syringe rather than connecting tubes. The volume
of gas released after 10 min with 850 ml of acid
solution was 40 ml, whereas only 9 ml was released
when the acid solution volume was 2130 ml. These
results confirm the finding that gas release is in-
versely related to the volume of the solution in
which the reaction takes place. ‘

Effect of Volume of Air/Gas Above the
Reaction Solution

Using the specially prepared reaction cham-
bers referred to in the previous paragraph, and the
modified (syringe) method of gas collection, studies
were carried out with an air/gas space of 190 and
1470 ml. In both instances, the acid solution volume
was 850 ml, the surface area at the gas to liquid
interface was 78 cm?, stirring rate was at 60 rpm, and
1.8 g of sodium bicarbonate was added in 180 ml of
water. Gas release after 1 and 10 min was 32 and 66
ml with the 1470-ml air space, but was reduced to 0
and 40 ml at 1 and 10 min when the air space was
only 190 ml (average results, two experiments each).
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Table 2. Effect of Degree of Stirring on Gas Produced

Gas produced (ml)

No. of
Stirring experiments 1 min 2 min 3 min 4 min 5 min 10 min
0 rpm 2 3 5 5 10 12 15
60 rpm 5 4 13 20 27 34 57
Slight whirlpool 5 26 37 50 62 71 109
Deep whirlpool 2 55 102 157 172 194 257

In all studies, the volume of acid solution was 1000 ml, containing 100 mEq of HCI, temperature was 37°C, stirring was with a 3-in.
magnetic bar, acid solution was preequilibrated with 5% CO,, and added bicarbonate was dissolved in 6 oz of water. The reaction

chamber volume was 2000 ml.

Thus, larger air spaces, by keeping initial partial
pressure of CO, lower, facilitate CO, gas release.

Effect of Amount of Bicarbonate on Gas
Produced

These studies were carried out with an acid
solution volume of 1000 ml, containing 100 mEq of
HCl. Added sodium bicarbonate was dissolved in
180 ml of water. Four amounts of bicarbonate were
examined—1.8, 3.0, 3.6, and 8.4 g. It was found that
8.4 g of sodium bicarbonate would completely neu-
tralize the acid solution. The results are shown in
Table 4. Gas release rose about threefold when the
1.8 and 3.6 g amounts of bicarbonate were compared.
However, when 8.4 g of sodium bicarbonate was
added, 590 ml of gas was released at 4 min, a 21-fold
increase. The test with 8.4 g of sodium bicarbonate
could not be continued beyond 4 min because the
volume of gas produced exceeded the capacity of the
CO, trapping flask (D in Figure 1).

With larger amounts of sodium bicarbonate, the
amount of gas released, expressed as a percentage of
that theoretically produced, rose. For example, at 3
min, these percentages were 4%, 4%, 8%, and 21%
for the 1.8, 3.0, 3.6, and 8.4 g of sodium bicarbonate,
respectively.

Effect of Preequilibration With CO,

One thousand milliliters of 0.1 N HCl solution
was preequilibrated with either 5% or 100% CO..
Then 1.8 g of baking soda in 180 ml was added. The
results are shown in Table 5. Carbon dioxide release
was about twofold higher when the acid solution
was preequilibrated with 100% CO, than when 5%
CO, was used; with 100% CO, equilibration, the
volume of gas collected after 10 min was 22% of the
volume of gas theoretically produced.

Effect of Carbonic Anhydrase on Gas
Production

In these studies, the volume of the acid solu-
tion was 1000 ml, containing 21.4 mEq of HCl. The
acid solution was preequilibrated with 5% CO, and
1.8 g (21.4 mEq) of sodium bicarbonate dissolved in
180 ml of water was added. The amount of acid and
base exactly neutralized each other and resulted in a
final pH of 5.0. Various amounts of carbonic anhy-
drase (Sigma Chemical Co., St. Louis, Mo.) (3000
Wilbur-Anderson units/mg) were added to the reac-
tion vessel immediately after the addition of the
sodium bicarbonate.

Gas release at 10 min was 53 ml with no added
carbonic anhydrase, 67 ml with 1 mg% carbonic

Table 3. Effect of Volume of Acid Solution on Gas Produced by Addition of 1.8 g of Sodium Bicarbonate

Vol. of
acid Acid
solution content No. of Gas produced (ml)

(ml) (mEq) experiments 1 min 2 min 3 min 4 min 5 min 10 min
100 20 2 112 148 190 215 238 300
250 25 2 38 73 95 110 143 208
500 50 2 20 33 43 55 68 108

1000 100 5 4 13 20 27 34 37

2000 200 3 10 17 20 23 25 37

In all studies, acid solution was stirred at 60 rpm with a 3-in. magnetic bar, temperature was 37°C, acid solution was preequilibrated with
5% GQO,, and 1.8 g of bicarbonate was added. The volume in which bicarbonate was dissclved was 6 oz in all studies except for the 100 ml
acid volume, where bicarbonate was dissolved in only 20 ml so as to minimally dilute the reaction volume. The reaction chamber
volumes were 250 ml for the experiment using 100 ml of acid, 2000 ml for the experiments using 250-1000 ml of acid, and 4000 ml for
the experiment using 2000 mi of acid solution.
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Table 4. Effect of Amount of Bicarbonate on Gas Produced

GASTROENTEROLOGY Vol. 87, No. 5

Amount of Expected
bicarbonate theoretical
added No. of Gas produced (m) volume
{(g) experiments 1 min 2 min 3 min 4 min 5 min 10 min (ml)

1.8 5 4 13 20 27 34 57 475
3.0 2 15 28 35 40 50 95 793
3.6 2 15 48 80 108 138 192 951
8.4 2 222 377 470 590 — — 2220

In all studies, the volume of acid solution was 1000 ml, containing 100 mEq of HCI, temperature was 37°C, stirring rate was 60 rpm with a
3-in. magnetic bar, acid solution was preequilibrated with 5% CO,, and added bicarbonate was dissolved in 6 oz of water. The reaction

chamber volume was 2000 ml.

anhydrase, and 77 ml with 10 mg% carbonic anhy-
drase. (All results represent the average of three
separate experiments.) Thus, gas release increased
slightly with addition of carbonic anhydrase.

Studies With Food

In one experiment, two large Mexican meals
were homogenized with 760 ml of water, resulting in
final weights of 1845 and 1760 g. Sixty milliequiva-
lents of HCI in 600 ml of water was gradually added
to the homogenized meals over a 2-h period, with
swirling to maintain gentle mixing. The temperature
was kept at 37°C. After the 2-h period of acid contact,
1.8 g of baking soda, dissolved in 180 ml of water,
was added.

In a second experiment, similar meals were stud-
ied after grinding by a meat grinder, rather than after
homogenization. In these studies, 760 ml of water
was added to the ground food without stirring, and
then 250 ml of 0.1 N HCI solution containing 25 mEq
of HCl was added. Finally, 1.8 g of baking soda in
180 ml of water was added. There was no stirring.

The amounts of gas released in these experiments
were similar to those observed when 1000 ml of acid
solution without food was studied.

Dose of Baking Soda Selected by Various
People

To evaluate the dose of baking soda that might
actually be ingested, we asked a group of people to
show us the amount of baking soda they would take
for indigestion. They were not told anything about
the reasons for our interest. If they had used baking
soda previously, they were told to select their regular
dose. If they had never used baking soda, they were
asked to read the instructions on the box before
selecting a dose. In either case, they were given a
teaspoon and asked to show us the dose that they
would take for indigestion. The dose they selected
was then carefully weighed. The results are shown
in Figure 2. It is clear that many people select a dose

larger than is recommended by the manufacturer,
and some people select rather extreme doses.

Miscellaneous Observations

Although they will not be described in detail,
three additional observations were made. First, the
rate of CO, gas release in vitro (from 0 to 10 min) is
higher in relatively large reaction chambers than in
relatively small reaction chambers; presumably, this
is because of the larger surface area available for CO.
diffusion from liquid to gas phase. Second, addition
of alcoholic beverages did not alter CO, gas release
in vitro. Third, to determine the partial pressure of
CO, (Pco,) of gastric contents after ingestion of food, a
normal subject ate a large Mexican meal, and 2 h
later his gastric contents were sampled under oil via
a nasogastric tube. The Pco, of this fluid was 66
mmHg.

Discussion

Even though HCI and NaHCO; react almost
instantaneously (1), our studies show that the result-
ing CO, gas production is slow. This could be due to
delayed dehydration of H,COj; to CO,, to retention of
dissolved CO, in solution (a function of Pco, in the
surrounding gas phase), to slow evolution of CO, gas
(a function of surface-volume relationship and mix-
ing), or any combination thereof. The failure of
carbonic anhydrase to markedly accelerate or of a
highly buffered meal to retard the evolution of CO,
indicates that the dehydration of H,COj; is not the
major rate-limiting step. Several observations sug-
gest that retention of CO, in solution is an important
determinant of the amount of CO, gas released. As
the quantity of CO, dissolved in solution at a given
partial pressure is fixed, decreasing the reaction
volume, increasing the quantity of reactants, or pre-
saturating the solution with CO, should significantly
increase the volume of liberated gas. This in fact
proved to be the case (Tables 3, 4, and 5). In addition,
the larger the volume of air above the reaction
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Table 5. Effect of CO, Content of Acid Solution

CO; GAS PRODUCTION 1019

Concentration G | d
of CO, in No. of as released (ml)
bubbled gas experiments 1 min 2 min 3 min 4 min 5 min 10 min
5% 5 4 13 20 27 34 57
100% 4 12 28 38 48 60 101

In all studies, the volume of acid solution was 1000 ml, containing 100 mEq of HCl, temperature was 37°C, stirring rate was 60 rpm with a
3-in. magnetic bar, acid solution was preequilibrated with CO,, and 1.8 g of bicarbonate was added after being dissolved in 6 oz of water.

The reaction chamber volume was 2000 ml.

mixture, the larger the amount of gas produced; large
air volumes can act as a sink for released CO; gas,
whereas smaller volumes become rapidly saturated
with CO, and thus retard further CO, gas evolution
from the liquid phase. Finally, the marked effect of
stirring on the rate and volume of CO, release
indicates important surface-volume constraints on
the system.

From these studies, we conclude that CO,, pro-
duced from the dehydration of carbonic acid, dis-
solves in water and is only slowly released into the
gas phase. The major exogenous factors that deter-
mine the rate of gas release are the volume of the
reaction solution, the quantity of reactants, the stir-
ring rate, and the volume of air above the reaction
mixture.

With this background, it is interesting to speculate
on the degree to which gas release after sodium
bicarbonate ingestion would suddenly distend the
stomach and thereby might precipitate spontaneous
gastric rupture. Crucial to such speculation are real-
istic estimates of the fluid and air volumes of the
stomach, the acid content of the stomach, the degree
of mixing within the stomach, the degree to which
stomach contents are saturated with CO, before
sodium bicarbonate ingestion, and the amount of
sodium bicarbonate ingested. In addition, one needs
to consider the effect of food per se on gas release.
These factors will be discussed in the following
paragraphs.

Previous studies, conducted many years ago,
showed that human cadaver stomachs do not rup-
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Figure 2. Dose of sodium bicarbonate selected by different peo-
ple.

ture until distended up to a volume of 4000 ml (11).
Under conditions that predispose to spontaneous
gastric rupture, some of the distending gastric con-
tent would consist of solids, but the solid component
of even very large meals rarely exceeds 1000 g
(unpublished observations by the authors). Even if
stomach rupture were to occur with a distending
volume of only 2000 ml, which seems unlikely, the
air/fluid volume of the stomach would therefore
have to be about 1000 ml. The volume of fluid
ingested with large meals, plus salivary and gastric
secretions, could easily account for several liters of
gastric contents. Swallowed air could further expand
gastric volume to a variable and unpredictable de-
gree.

Acid must be present in the stomach in order for
sodium bicarbonate to cause gas release. Food or
gastric secretions could provide such acid, but it
seems likely that the major source would be gastric
secretion. The maximal acid concentration of gastric
contents would probably not exceed 100 mEq/L, and
in most instances it would be much less (1). If the
stomach contained 1000 ml of fluid and the acid
concentration were 100 mEqg/L, the total amount of
acid would be 100 mEq. (This would neutralize
about 8.4 g of sodium bicarbonate.)

With regard to mixing, the weight of current medi-
cal evidence strongly favors the concept that intesti-
nal contents in vivo are poorly stirred (12), and there
is no reason to suspect that this is not also true for
stomach contents. Therefore, stirring to the extent
that a whirlpool is formed is a totally unphysiologic
circumstance for the stomach in vivo. We believe
that stirring rates of ~60 rpm would provide as
much as or more stirring than would ever occur in
the stomach in vivo. This specific figure is chosen
because in vitro antacid activity at this stirring rate
correlates well with antacid activity in the stomach
in vivo (13).

As shown in Table 5, gas production is also a
function of the degree to which the stomach contents
are previously saturated with CO,. To evaluate this
in vivo, we sampled gastric contents after a subject
had eaten a large meal and found a Pco, of 66 mmHg.
This is fairly close to the Pco, of fluid equilibrated
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with 5% CO, and far less than the Pco, of fluid
preequilibrated with 100% CQOs,.

Finally, food did not materially alter the rate of gas
production, suggesting that results carried out in the
absence of food would be relevant to the in vivo
situation, wherein the stomach is distended with
food and liquid contents.

Based on this reasoning, for purpose of estimating
gas release in subjects who are at risk for spontane-
ous gastric rupture, the following in vitro conditions
would seem reasonable: (a) 1000 ml of 0.1 N HCI as
the reaction volume; (b) preequilibration of the reac-
tion volume with 5% CO,; and (c) a stirring rate of 60
rpm. The volume of air/gas above the reaction mix-
ture would be highly variable. For present purpose,
we suggest air/gas volumes of 1000 ml, which would
be larger than we believe would usually be present
under in vivo conditions that predispose to gastric
rupture; therefore, gas evolution would probably be
somewhat larger under these in vitro conditions than
if a smaller air/gas volume were selected. Under
these conditions, as summarized in Table 4, the
amount of gas released after different amounts of
sodium bicarbonate were added to the reaction
chamber was determined. When 1.8 g of sodium
bicarbonate (about one-half teaspoon) was added, 20
ml of gas was produced in 3 min and 57 ml was
produced in 10 min. With twice this much sodium
bicarbonate, gas production was increased by about
fourfold at these time periods, to 80 and 192 ml,
respectively. With 8.4 g of sodium bicarbonate (the
amount capable of neutralizing all of the acid in the
reaction chamber), 470 ml of gas was produced in 3
min.

It is interesting, in addition, to speculate on the
conditions under which maximal CO, gas release
would occur if a person were to take the recommend-
ed dose of one-half of one teaspoon of sodium
bicarbonate. If it is accepted that mixing in vivo is no
greater than that represented by stirring with a
magnetic bar at 60 rpm, and that acid solutions
cannot be hypertonic, then the variable pathophysio-
logic conditions that would maximize gas release are
the lowest possible liquid volumes which would
contain 21.4 mEq of HCl and high gastric air vol-
umes. The experiment shown in Table 3 with 250 m!
of 0.1 N HCl in a 2-L container would perhaps best
simulate such an event. Under these conditions, 1.8
g of sodium bicarbonate in 180 ml of water caused 38
ml of gas to be produced in 1 min, 95 ml in 3 min,
and 208 ml in 10 min.

Based on these studies, several clinical extrapola-
tions seem reasonable. First, when the stomach is
distended by overeating and overdrinking to the
point where gastric rupture is a danger (2—-10), inges-
tion of the recommended dose of sodium bicarbon-
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ate (one-half teaspoon) would cause only small im-
mediate increments in intragastric volume due to gas
release, less than the increment caused by ingestion
of the water in which the bicarbonate is dissolved.
Although such small increments in gastric volume
could theoretically contribute to a gastric rupture
(i.e., could be the straw that broke the camel’s back),
it seems unlikely that gas release caused by ingestion
of one-half teaspoon of sodium bicarbonate could be
a major cause of gastric rupture. On the other hand, if
the recommended dose of sodium bicarbonate were
exceeded, large volumes of gas would be released
within a few minutes (if the stomach contained large
amounts of acid), and this might materially enhance
the chance of gastric rupture.

Overeating and overdrinking, inhibition of gastric
emptying due to physiologic factors such as a high
fat meal, air swallowing, failure to reduce gastric gas
volume by belching, and retching or vomiting are
factors that might enhance the likelihood of sponta-
neous gastric rupture. In spite of the presumed
frequency with which people take sodium bicarbon-
ate for the indigestion caused by overeating and
overdrinking, spontaneous gastric rupture remains
extremely unusual. The following factors probably
contribute to the rarity of this event. First, at the
recommended dose of sodium bicarbonate, gas re-
lease within the stomach is probably slow (regard-
less of the amount of acid in the stomach). Second,
even if larger and potentially dangerous amounts of
sodium bicarbonate are ingested, the amount of acid
in the stomach might be small, and thus limit the
amount of gas produced. And, finally, the stomach
muscles have an enormous capacity to relax in
response to increasing intragastric volume. For ex-
ample, when air is infused into the fasting stomach
at a rate of ~600 cm®/min, there is only a trivial rise
in intragastric pressure even after 1800 ml of air has
been infused (14). This phenomenon is known as
receptive accommodation (15,16). It is not known
how high gastric volume can be increased before
pressure starts to rise.

These protective factors notwithstanding, it would
seem unwise to further distend an overdistended
stomach. Therefore, people with a full feeling after
overeating would be well advised not to ingest
anything, whether or not it has the potential for gas
production, to avoid air swallowing, and to avoid
attempts to vomit {which might facilitate stomach
rupture in a manner similar to Mallory-Weiss tears
of the gastroesophageal junction area). If, in spite of
this admonition, sodium bicarbonate is ingested
under these conditions, it would be advisable to use
the recommended dose of one-half of one level
teaspoon, rather than the larger doses which are
usually selected (Figure 2).
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