
Permeability of the gastric mucosa to instilled
hydrochloric acid and acid secretion was studied
in 26 seriously ill patients, in normal human sub-
jects, and in rabbits. Half of the seriously ill pa-
tients (in whom use of steroids, hypotension, renal
failure, jaundice, and a lethal outcome was more
common) had strikingly increased back-diffusion
of H + ions in comparison to the less seriously ill
patients and to normal subjects. The rabbit ex-
periments showed that a short period of hemor-
rhagic shock also had a disruptive effect on the
gastric mucosal barrier to H ~, The data suggested
that disruption of the stomach’s normal functional
barrier to secreted acid might be a clue to the
pathogenesis of acute stress ulceration. [The SCI®
indicates that this paper has been cited in over155
publications since 1970.1
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“Our work on the gastric mucosal barrier was
stimulated by the experiments of the eminent
physiologist from Michigan, Horace Davenport,
whose work on this subject, which was started in
1962 at the Mayo Clinic during a sabbatical year
with Charles Code,

1
revived an even older concept

of the regulation of the acidity in the stomach pro-
posed by the Swedish medical chemist Torsten
Teoreli Teorell proposed, in 1939, that there was a
continuous diffusion of hydrochloric acid from the
gastric lumen into mucosa, which he called ‘back-
diffusion,’ and a simultaneous diffusion of sodium
chloride from mucosa to lumen that accounted for
the reduction in acidity in the stomach.

2
Based on

his experiments with agents which produced
damage to the gastric mucosa,
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’
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Davenport sug-
gested the possibility in 1965 that the apparent
low rates of acid secretion in patients with chronic
gastric ulcer disease might be caused by increased
back-diffusion of acid across a damaged mucosa.
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“In 1969, we found thateight of the first 150 pa-
tients admitted to our newly opened respiratory-

surgical intensive cafe unit had massive hemor-
rhage from acute, multiple, gastric ulcers, almost
all of which were located in the fundus of the
stomach
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Seven of these eight patients died. The

presence of respiratory failure, hypotension, sep-
sis, jaundice, and renal failure suggested a clinical
syndrome which set the stage for the development
of acute stress ulceration.

“Investigations in our seriously ill patients were
stimulated by the unsolved clinical problem (stress
ulceration) and the concepts on the damage to the
gastric mucosa suggested by Davenport’s timely
work. Our own study showed that the gastric mu-
cosa of seriously ill patients (especially those with
multiple complications) had strikingly abnormal
permeability to instilled acid. The status of the
gastric mucosal integrity could not be predicted
from standard tests of gastric secretion (basal acid
output and augmented histamine tests). We sug-
gested that abnormal permeability of the stomach
to acid in the presence of poor mucosal perfusion
might be related to the subsequent development
of acute gastric ulceration and hemorrhage. Subse-
quent experiments in animals by Kivilaakso, work-
ing in William Silen’s laboratory, showed that im-
pairment of buffering capacity in the gastric
mucosa, rather than tissue anoxia, is the key factor
leading to ulceration during hemorrhagic shock.
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“There may be two reasons why this paper has
been cited frequently. First, it was one of the first
human studies of the barrier function of the stom-
ach in critically ill patients. The work attempted to
dissect a clinical problem in intensive care units
which was often fatal and which was occurring
with an alarming frequency. Second, the paper
provided a rational basis for a regimen of preven-
tion of stress ulceration with antacid based on the
experiments of hemorrhagic hypotension in rab-
bits. The experiments in rabbits, which were con-
ducted by Raphael Chung in Silen’s laboratory,
showed that buffering of gastric acid with sodium
lactate significantly reduced the amount of back-
diffusion of acid and prevented gastric ulceration.

“Titration of gastric juice to a pH > 3.5 by the
hourly instillation of antacid in seriously ill pa-
tients has become the mainstay of stress ulceration
prophylasis in most intensive care units.
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This regi-

men has eliminated almost completely the clinical
problem of acute stress ulceration of the stomach.
A recent review of stress ulceration can be found
in an entire issue of the World Journal of
Surgery.”
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