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The concentrations of Wy Ow COh, Ha and CH. were measuned in stovmach gas
sampies obtained from seven clinical cases of canine gastric difatation-volvulus.
All gas concentrations except O and CO: were similer bo atmospheric air. The
origin of the gastric gas, its components, and fis etielogical implications are
afsowssed,

Introduction

The predisposing causes of canine gastric dilstation-volvulus remain
undstermined. Many theories have been proposed 10 explain sources of
the gas In gastric dilatation. Among these, aerophagia, fermentation-
putrefaction, chemical gas genesis, and gas diffusion have been
suggested. '

Aerophagia was found to be the main source of gastrointestinal gas
in the normal animal “&7"A283 Cae ratins and concentrations from
the upper gastrointestinal tract of normal dogs were similar to those of
atmospheric air.” Evidence supporting sercphagla as the source of gastric
g2s has been derived from studies In intestinal obstruction. Analysis of the
gas accumulating proximal to obstructed intestines revealed high
concentrations of Ny and small quantities of COy, Hy, and CH,.™ Nitrogen
is not produced within the intestinal lumen and probably results from
swallowing air.”™® Further evidence 1o support the aerophagia hypothesis
was demonstrated by ligation of the esophagus. This prevented gas
distention proximal to an obstructed intestine.™ In man, serophagia
results from excessive alr swallowing associated with emotional distur-
bances, nausea, rapid eating, and habitually induced belching.™

Farmentation-putrefaction has been suggested as the source of
stomach gas observed in the gastric dilatation-volvulus syndrome, 247738
Bacteriz] metabolism may result in liberation of COy, CH, and Hy 2484
Many bacteria zre capable of producing these gases, but Clostridia
organisms are thought to be the main source in the dog.™ In one study,
gas-producing Clostridia sp were isolated from the gastric contents of
dogs with gastric dilatation at necropsy." Hydrogen and CH, concentra-
tons were not evaluated,™
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Chemical gas penesis and gas diffuslon have not
been considered causes of gastric dilatation, but these
nrocesses do contribute to concentrations of gastroin-
testinal gases.’*""%"® Although the contribution is
thought to be negligible, significant amounts of COy
can be generated by the reaction of acid and
bicarbonate.

Essantially all gastrointestinal gas can be aec-
counted for by analysis of My Oy COs Hy and
CH,.7%® It has been generally assumed that maost
gastric N, is a result of azrophagia.”™"" However, an
appreciable amount of N; could enter the gut lumen
by diffusion as a result of the concentration gradient
created by chemical formation of CO,.-"*"* Present
experimentzl techniques can not differentiate swal-
lowed and diffused M.

Cxygen concentrations within the gastrointest-
nal tract are related 1o partial pressures of other gases
and utilizatbon of Oy by bacterial flora®"" It has
been assumed that Oy plays a passive role and it
concentration is relative to the concentration of other
gases, The source of O is thought to be atmospheric
air®%% (xygen concentrations are highest in the
stornach and lowest in the colon.

Carbon dioxide, like H; and CH,, s produced by
farmentation reactions. Large quantities of CO; result
from the chemical reaction between sodium bicarbo-
nate and hydrochlorde acid.™®' Reaction between
acid and bicarbonate releases 22.4 ml of COy for
" each mEq of bicarbonate consumed in the reaction,™

There Is no known mammalian cellular
metaballc pathway for the production of Hy or CH..
These gases are produced solely as the result of
bacterial metabolism 010 | arge guantities are pro-
duced when bacteria are supplied with a fermentable
subsirate, Experimental studies in the dog have
shown that on bean substrate diets intestinal bacterial
activity can result in Hy concentrations as high as
53%, Although intestinal CH, concentrations have
not been measured in the dog, similar studies in man
showed concentrations as high as 27% o 33.6%.%"

Methods and Materials

Gat samples were obtained from dogs presented
to the University of Minnesota S5mall Animal Clinic
with gastric dilatation-volvulus, The clinical signs
observed Included abdominal tendermess, abdominal
distention, unproductive vomiting, and shock. The
dlagnosls was made on the basis of history and
physical findings, and in six of the seven dogs, the
diagnosis was confirmed by surgery.

Table 1
Clinical Data
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Gas samples were obtained by percutansous
aspiration. A small area was clipped and the skin was
surgically prepared on the left side behind the [ast rib.
A 50 cc plastic syringe with attached three-way
stopeock and 18 gauge 1% inch needle was used.
The three-way stopcock was closed to seal the
syringe while the needle was still in the stomach. All
samples were refrigerated and analyzed within an
eight-hour period.

All samples were passed through an anhydrous
calcium sulfate gas drying uni® for dehydration prior
to analysis. Analysis of all gases, except CO, was
performed with a gas chromatograph® equipped with
2 molecular sieve column and aulomatic sampler,
Mathane was Identified wsing a hydrogen flame
detector. The instrument was standardized with room
air for O and My A special tank standard was used
for H, and CH,. A thermal conductivity detectior was
ussd to identlfy My Oy and H; concentrations.
Carbon dioxide values were determined on a blood
gas analyzer® Values were reported as pCO; and
converted 1o percent COy by the eguation

L0,

Atmospheric Pressure (mmHg

= 100

Results

Our findings are based on evaluation of gas
samples taken from clinical cases with acute gastric
dilatation and tympany [Table 1]. Seven stomach gas
samples were analyzed and concentrations of Ny, O,
€04, H; and CH, were obtained [Table 2]. The sum of
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Figare 1— The mean concentration of gactric gases from seven dogs with gastric dilatstion-volvules compared fo atmasgheric sir.

the gas concentrations varied from 100% In each
dog. This has been atributed to the independent
analysis of COy and instrument error. The mean
values of stomach gas concentrations were compared
with normal values of atmospheric air [Table 2 and
Figure 1]. Although all stomach gas concentrations
varied glightly from air concentrations, Oy and CO,
varied significantly in several animals. The O, con.
centrations varied from 9.3% to 21.8% with 2 mean
value of 14.9%. The stomach CO; concentrations
also varied among individual samples from 1.0% 1o
24.0% with a mean value of 10.1%. Hydrogen and
CH, concentrations were negligible [Table 21,

Discussion

A previous post-morem study evaluating gas
samples of dogs with gastric dilatation attributed the
gas source to bacterial fermentation.™ This assump-
tion was based on high COy concentrations and the
isolation of Clostridia organisms from gastric con-
tents.** Hydrogen and CH, concentrations were not
evaluated.™ [n our study, fermentation was not the
source of COy Hydrogen and CH, concentrations in
the gastric gases were negligible. Bacterial fermentz-
tion is the only source of Hy and CH, produc-
tion, 8% Siemasch contents were cubtured at surgery
for three of the seven dogs. Anaerobic and aerobic
bacterial cultures did not vield Clostridia organisms.

Table 2

Relative Concentration of Gastric Gasses (%)

Coee N, 0y oo, iy CH,
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F Tha 21.8 1.0 .0E8 0.0040
G &34 1.6 138 2015 0.0003

Mean Concentration (MG} and Standard Devistion (5.0)

M.C. TED 4.8 11 0028 0.0Me
2.0 2642 =440 =77 0025 =0.0022
Atmoepheric Air Concenfration
a2 248 1.0 0.po0a 0008

it has been suggested that gases may enter the
stomach from the blood,™ and that venous stasis may
enhance diffusion.’ However, the increased intragas-
tric pressure seen with gastric dilatation-volvulus may
prevent gas diffusion into the gastric lumen. Future
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experimantal studies are nesded to determine if gas
diffusion is significant In the pathogenesis of gastric
dilztation.

Chemical CO, formation could have accounted
for the CO; concentrations measured. Canine saliva
contains between 34.7 and 59.1 mEq of bicarbonate
per liter.® Increased sallvation and swallowing as-
sociated with gastric hypersecretion could Increase
the bicarbonate acld reaction, resulting In significant
C0y production.

Oygen concentrations within the gastrointesti-
nizl tract are related to the partial pressures of other
gases.*"™" Our data is consistent with this finding.
The low stomach O, percentzge appearsd to be
inversaly relsted o the COy concentration. The O,
percentages were lower when CO, percentages rose
[Tabla 2).

Our data suppors the concept that swallowed
air is the major source of stomach gas in the canine
gastric dilatation-volvulus syndrome. This assump-
tion is based on the similarity of gastric gas concentra-
tions to atmespheric air, The possibility of asrophagia
causing gastric distention, allowing the progression 1o
torsion, and finally velvulus, 1s consistent with
clinical and experimantal studiss =022

The causes of canine gastric dilatation-vohulus
are unknown. Present knowledge is primarily con-
fined o the pathophysiclogy of the disease. There is a
need for future clinical and experimental investiga-
tions of the etiopathogenesis of gastric dilatation.
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