
Acute gastric dilatation is a fairly common complication encountered by medical men.
Ifnotpromptly treated it takes a progressive downhill course and the patient dies of dehydra-
tion,electrolyte imbalance and cardiorespiratory embarrassment. Studies on haemodynamic
changesduring gastric distension were carried out in the past by various workers. Gupta (4),
Shukla,Agarwall and Kapoor (10) obtained an arterial depressor effect which was
proportionalto the amount of gastric distension, where as Me, Laughlin et al. (7) obtained
apressoreffect during gastric distension with a pressure above 60 mm. Hg. Earlier workers
likeMayer, Pribram (6) and Sherrington (9) also observed vasopressor effect during
distensionof holiow viscera, the former with stomach and the latter with gall bladder, ureter
andbile duct. Grollman (3) while studying the effect of ingestion of different amounts of
foodin human beings, observed rise of systolic pressure and increased cardiac output shortly
afteringestion of food. The magnitude of rise was directly proportional to the amount of
foodingested.

Thus the observations on the effects of distension of stomach on arterial blood pressure
andcardiac output have been very confusing. The relative contributions of cardiac output and
peripheralvascular resistance, to arterial blood pressure changes have not been clearly
established. In view of this, the present work has been taken up to observe the effects of
gastric distension on arterial blood pressure, cardiac output, peripheral vascular resistance,
abdominal inferior vena caval pressure below the level of stomach and the right atrial pressure
and the role of Vagi on these.

Ten healthy dogs weighing between 5-20 Kg. were selected for the purpose of this
experiment. They were kept on light, non residual diet for fortyeight hours prior to the
experiment so as to keep the stomach fairly empty at the time of study. The dogs were
anaesthetised with a freshly prepared 5 % chloralose solution in warm distilled water given
intravenously (Dose-80 mg. per Kg. body-weight).
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1
20.0K

The cervical oesophagus was exposed and a glass tube carrying a thick-walled largeSI

balloon at its tip was introd uced through a small opening made in the former and was pushed
down into the stomach. The tube was tied in place below the oesophageal opening careful
so as to make the connection air tight. The proximal end of this tube was connected tOI
mercury manometer and a pressure pump through a 'T' connection. The trachea was exposed.
canulated and connected to a Roth-Benedict's spirometer filled with oxygen. A two-waysto
cock was interposed in between tbe trachea and tbe spirometer, so that the animal was allowed
to breath atmospheric air but was connected to the spirometer only when its oxygen consume
tion was to be determined.

Right beart catheterisation was performed via the right external jugular vein usingI
N.l.H. cardiac catheter the tip of wbich was left inside the cavity of right atrium to collet
mixed venous blood. One of the femoral arteries was canulated for recording of blood pressur
as well as for taking samples of arterial blood. Constant monitoring of inferior
pressure below the level of stomach and right atrial pressure were carried out.

2
14.0

Three grades of pressure were used to distend the stomach by pumping air into the gastric
tube with the intragastric pressure being simultaneously measured. Both during restand
during gastric distension (When the desired intragastric tension was maintained) heparinised
arterial and mixed venous blood were simultaneously collected in an anaerobic manner and
the oxygen consumption was recorded by the spirometer. The blood samples werethen
analysed in a Van slyke's blood gas analysis apparatus (Manometric) for oxygen content and
cardiac output was determined by applying the Fick's principle. The peripheral vascular
resistance at each instant was calculated from the driving pressure and the cardiac output
utilising the following formula :-

4
7.0K

Driving pressure in mm. Hg,

5
7.2K

6
6.5

PerpheraIresistance in units 7
6.5Cardiac output in ml.jsecond

(Driving pressure = Mean arterial pressure - Mean right atrial pressure)
8

5.5
At the end of each experiment, a postmortom examination was conducted to

positions of the balloon, the cardiac and inferior venacaval catheters.
4#
5.0

RESULTS

The effects of distension of stomach at three grades of pressure i.e. P, (30-40 mm. Hg.
Pi45 - 50 mm. Hg.) and P3(60 - 70 mm. Hg.) on femoral arterial pressure, inferior venaca
pressure, percentage changes in cardiac output over the resting value and on periphe
resistance are shown in Table ( along with the values during the resting state (Whent

stomach was not distended).

10
10.0

• I.
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arrying a thick-walled large size TABLET

e in the former and was pushed
oesophageal opening carefully Intra I.V.C. * Right Arterial Percentage Perpheral
of this tube was connected to a gastric pressure atrial pressure change in resistance
lion. The trachea was exposed, pressure in pressure 11I111 Hg. cardiac in
with oxygen. A two-way stop mmi Hg, 11111I. Hg. OIlfPIll VI/its

, so that the animal was allowed Resting 5.0 1.5 120 3.8
only when its oxygen consump- I PI 3.0 4.0 109 +5 3.3

20.0Kg. P2 13.5 2.0 92 -20 3.7
P3 26.5 3.5 78 -35 3.85

ht external jugular vein using a Resting 4.0 1.3 125 6.6
2 PI 9.3 3.0 I11 -30 9.4

cavity of right atrium to collect 14.0Kg. P2 23.3 2.0 90 -50 9.8
for recording of blood pressure P3 31. 3 3.0 80 -66 12.4

nitoring of inferior venacaval Resting 4.5 1.0 120 4.8
carried out. PI 1.0 4.0 100 +5 3.8

P2 17.0 3.5 90 -30 5.3
P3 25.0 3.0 78 -45 5.8

by pumping air into the gastric
Resting 5.5 1.5 130 5.0sured. Both during rest and 4 PI 4.5 3.0 123 +11 4.2

n was maintained) heparinised 7.0Kg. P2 15.5 2.5 100 -25 ·5.1
in an anaerobic manner and

P3 31. 5 3.0 SO -40 5.2

he blood samples Were then Resting 4.0 1.4 120 15.0
tric) for oxygen 5 PI 7.5 3.0 78 -33 14.5

content and 7.2Kg. P2 20.0 4.0 76 -50 IS.6
iple. The peripheral vascular P3 33.0 5.0 55 -65 18.8
sure and tbe cardiac output Resting 3.5 1.4 110 5.5

6 PI 1.4 2.5 90 +8 4.2
6.5Kg. P2 13.4 4.0 75 -22 5.5

P3 32.4 3.0 60 -48 5.7

Resting 2.0 1.3 65 6.3
7 PI S.O 4.0 55 -54 10.9

I./second 6.5Kg. P2 21.0 4.0 50 -57 10.8
P3 38.0 4.0 38 -83 20.4

t atrial pressure) Resting 4.0 1.3 120 7.7
8 PI 10.0 3.0 75 -25 6.3

was conducted to the 5.5Kg. 1'2 25.0 4.0 75 -50 9.2e.usure P3 33.0 4.5 7S -47 9.4ers.
Resting 5.0 3.0 120 7.6

9 PI 4.0 4.0 Jl2 +6 6.2
5.0Kg. P2 II .0 5.0 90 -15 6.7

P3 21.0 4.0 80 -30 7.2

. ure I.e. PI (30-40 mm. Hg.); Resting 7.0 3.5 130 3.1
ID PI 17.0 4.0 114 -08 9.5

al pressure, inferior venacaval IO.OKg. P2 25.0 3.0 90 -75 9.5
ing value and P3 42.0 4.0 50 -81 8.6

on peripheral -----
ng the resting state (When the

• I. v.c. stands for inferior venacava .
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Fig. 1 depicts one of the observations where the effect of gastric
arterial blood pre sure and inferior venacaval pressure can be seen.

Fig 1

Cardiac Oll/PIIl
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In all the dogs gastric distension was associated with fall in femoral arterial pressur
But the changes in cardiac output were not always proportional to the
of arterial pressure changes.

At PI the cardiac output was increased in five dogs (No. I, 3,4, 6, and 9) the mean ris
being 7 % over the resting value with a S.D. of ± 1.275. The mean weight of these dogs w
9.2 Kg. In the rest five dogs (No. 2, 5, 7,8 and 10) there was a fall in cardiac output durin
gastric distension. The mean fall was 42% below the resting value with a S.D. of±9.125. The
mean weight of these dogs was 8.6. Kg.

Distension of stomach at P2 was associated with a fall in cardiac output 111

The mean and S.D. value of this fall were 45.9 and ± 6.25 respectively.

At P3 the fall in cardiac output was still increased. The mean and
54.4 and ± 5.903 respectively.

lnferior venacaval pressure

rose
to re

Per;

It was found that whenever the intragastric pressure was increased, the abdominal inferior
venacaval pressure rose promptly after a lapse of 40-60 seconds. The initial mean pressure in
the inferior venacava was approximately 1 mm. Hg. with gastric distension the pressure roseto
value proportional to gastric distension. The relationship between the grades of gastnc
distension and inferior venacaval pressure are shown in Figs. 2 and 3.

was
dogs
unit
rela
dist

Fig. 2 shows the observations in dog Nos. 2, 5, 7, 8 and IO whereas Fig. 3 shows the
observations in dog Nos. I, 3, 4, 6, and 9. The observations were eorrelated differently be-
cause the latter group showed a diminished response to gastric distension. In fact at P, in th(
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lattergroup there was no significant change in inferior venacaval pressure whereas in the
formergroup there was a significant rise in this pressure. At P2 and P3 also the rise in the
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inferior venaca val pressure though proportional to the amount of gastric distension was
proportionately less in the latter group. Release of intragastric pressure resulted in a prompt
fall in the inferior venacaval pressure approximately to the initial resting value.

Arterial blood pressure

Gastric distension was always associated with a fall in the mean arterial blood pressure.
The fall occurred within a very short time after gastric distension and on release of distension it
rose after a short lapse of time but usually it did not return to the resting level but continued
to remain at a lower level.

Peripheral vascular resistance

The peripheral vascular resistance at rest had a mean value of 6.54 units. At PI there
was a fall in this value in five dogs who showed an increase in cardiac output. In the rest five
dogs the mean value rose above the resting level. At P2 and P3 the values were 8.02 and 9.73
units respectively, these being the mean values for both the groups. Fig. 4 shows the
relationship between cardiac output and peripheral resistance during rest and during gastric
distension.

Vagotomy and gastric distension

The effects of gastric distension on arterial blood pressure, cardiac output, peripheral
resistance and inferior venacaval pressure were observed after bilateral vagotomy. This was
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Fig 4
studied in one dog only. The stomach was distended with pressures of PI and P3• The res
obtained before and after bilateral vagotomy is shown in Table II. Ii: was found tbatt
percentage fall in arterial blood pressure at PI was more after vagotomy than before. But
Ps the amount of fall before and after vagotomy were the same. As regards cardiac output
inferior venacava l'pressure there was no significant change before and after vagotomy at bo
Pl and Ps. The changes in the peripheral resistance before and after vagotomy are qui
interesting (Table If).

TABLE II

lntragastric I. V.C. * pressure % age change % age change
pressure in mm. Hg . in arterial in cardiac

pressure output

Vagi
intact. PI +10 -12 -68

P3 +35 -62 -85

Vagi
cut PI

P3
+9
+32

-39
-62

-71

-89

~
*LV.C. stands for inferier venacava.

sults were all statistically alysed and found to be significant. The results af
~}C(rfycould not be analy: to' as only one such observation was recorded .
...•1..D tv v< ~.v -
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TABLE II

e % age change % age change % age change
in arterial in cardiac in peripheral
pressure output resistance

-12 -68 +260

-62 -85 +177

-39

-62

-71

-89

+138

+171

sed and found to be significant. The results after
nly one such observation was recorded.

Effect of Gastric Distention on Cardiac output of

DISCUSSIONS

Distension of stomach at a pressure above 45 mm. Hg. was always associated
ncardiac output. This fall was proportional to the amount of distension of stomac
30to 40 mm. Hg. (Pl) of distension the changes in cardiac output were not uniform i
dogs. Tn five dogs (No. I, 3, 4, 6 and 9) there was a slight increase, whereas in the r:
"as a fall. A probahle cause for this difference in the grades of response may be
factthat the animals were chosen at random and they differed very much in their bod.
bodysize and age. The average weight of the first groups was 9.2 Kg. whereas th
secondgroup was 8.6 Kg. It might be presumed that the first group of dogs could
stressof distension at Pl more effectively than the second group as the former
healthy and bigger in size. But in the second group there were also healthy dogs
10Kg. or more (Dog Nos. 2 and 10), The difference in response could as well be d
factthat all being stray dogs, differences in feeding habits were bound to exist and t
necessarily mean that the size and tonicity of the stomach in these dogs might have
different accounting for the disparity in their response. This fact is also borne out
observation that dimunition of cardiac output in the first group of animals was rela
than the second group at all grades of distension. This disparity could possibly
by selecting animals from the same litter.

In the present work it was observed that distension of stomach was always a
witha rise in inferior venaca val pressure (Figs. I, 2, and 3) the rise being proportio
amount of distension, whereas release of distension resulted in a prompt fall in this
approximately to its initial level. It was also found that fall in cardiac output was i
bonto the rise of venous pressure. Simultaneous recording of venous pressure in th
venacava and the right atrium showed that there was no appreciable change in t
though there was a distinct rise in the former. Thus the fall in cardiac output an
bloodpressure during gastric distension could be due to decreased venous return an
fillingsecondary to mechanical obstruction of the abdominal part of inferior vena
possiblythe portal vein. Of course we have not recorded the portal veinous pressur
the experiment. This conclusion is in agreement with Mc. Laughlin et al. (7) an
et al. (2) who also obtained similar changes in inferior venacaval pressure during
distension. The slight rise of right atrial pressure during gastric distension in some do
havebeen due to increased intrapleural pressure caused by elevation of diapragm.

Our findings however, do not completely agree with those of Me. Laughlin et
latterdemonstrated a rise in femoral blood pressure when the intragastric tension was i
beyond 60 mm. Hg., which they explained to be in part due to vasoconstriction in t
DeCk and upper extremities and in part due to by passing of blood from the blocked
venacava tbrough collateral communications which now open up. We did not obtai
isein femoral pressure in any of the animals studied, rather in each animal there was
fallin arterial blood pressure at Pa (60-70) mm. Hg.) which was maintained as long
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stomach was kept distended. Moreover, the cardiac output at P3 was also less than at P2in
the animals.

It was further observed that arterial blood pressure continued to remain at a lowerI
for a considerable period after the release of gastric distension. Similar findings were
observed by Brams, Katz and Kohn (1) who found that after marked abdominal disten
which had persisted for some time, the fall in arterial pressure was as much as 40 mm.
Intragastric pressure even if maintained for a short period would considerably affect the bl
volume as a result of increased venous pressure below the diaphragm and also prob
because of portal obstruction. This would have been responsible for the reduction in bl
pressure till the readjustment of circulation occurs.

Besides the mechanical obstruction to venous flow, other factors like diminution
venous return due to respiratory changes might play some role as suggested by Paintal
According to him gastric distension produces lecalised compression of the base of I
accompanied by stretching of neighbouring portions that stimulate the previously inac
pulmonary stretch receptors of Hering Breur reflex. This increases the rate and decreases
depth of respiration thus reducing the venous inflow to heart.

Gupta (4) who also obtained a depressor effect while distending the stomach of
explained the former to be due to reduction both in cardiac output and peripheral vase
.resistance. But in the present work we found a rise in the latter in most of the d
However, our findings on cardiac output agrees with him. The increased peripheral vasc~
resistance observed during low cardiac output and hypotension represents a compensat
reaction to protect the vital organs like kidnies, brain and the heart.

Besides the mechanical factors involved in gastric distension, role of some r
phenomena in causing a depressor effect as suggested by Irving, Me, Swiney and Suffolk
during hollow viscera distension and by Shukla, Agarwal and Kapoor (10) during gas
and duodenal distension cannot be ruled out. The latter workers postulated the presence
two types of stretch receptors pressor and depressor on the walls of stomach and duo den
Paintal (8) while recording electrical activity from the afferent fibers connected with ga
wall receptors in cats found that on distension the frequency of discharge in the afferent fi
increased with increasing grades of distension. These fibers travel through Vagus nerve.
proposed that these receptors might be co ncered with hunger and satiety mechanisms. But
has not excluded the possibility of these fibers taking part in some reflex mechanism associa
with the vascular phenomena. In the present work arterial blood pressure, cardiac' out
peripheral vascular resistance and inferior venacaval pressure were determined before and a
bilateral vagotomy in dog No. 10. It was interesting to observe that at PI the arterial press
was reduced by 12 % below the resting value when the vagi were intact. After vagotomy
fall was considerably reduced to -39 %. At P3 the fall in arterial blood pressure before
after vagotomy wen: similar. Changes in cardiac output and inferior venacaval pressure bel
and after vagotomy were almost similar both at PI and P3• But the observations on periph
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3 was also less than at P 2 in
resistance were quite interesting. At PI of gastric distension the percentage increase in
peripheralvascular resistance was 260 % more than the resting value wben the vagi were intact
butwas only 138 % over the resting value when the vagi cut. Section of vagi had no such
effect on the peripheral vascular resistance when the stomach was distended with a higher
pressure,Pa• This would suggest that at PI the reflex compensatory rise in peripheral vascular
resistance is partly mediated through vagi. The sympathetics probably play the entire role in
the reflex increase of peripheral resistance at a higher grade of gastric distension. But from such
a preliminary study a definite conclusion cannot be arrived at. Further study is being carried
out to establish the relative role of vagi and the sympathetics in maintaining the peripheral
vascular resistance during different grades of gastric distension and will be reported
afterwards.
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SUMMARY

The effect of gastric distension at three grades of pressure namely 30-40 mm. Hg, (PI)'
45-50 mm.Hg (P2) and 60-70 mm. Hg. (P3) on cardiac output, arterial blood pressure, inferior
venacaval pressure below the level of stomach, mean right atrial pressure and peripheral vascular
resistance were recorded in 10 dogs. In one dog the effect of gastric distension was studied
before and after vagotomy

A fall in arterial blood pressure and cardiac output in all the dogs were noted.during
gastricdistension. At PI (30-40 mm. Hg.) of gastric distension there was a slight increase in
cardiac output in five dogs whereas in the rest there was a fall. The probable cause of this
hasbeen discussed. Associated with the fall in arterial blood pressure there was a rise in
inferior venacaval pressure. Simultaneous measurement of the mean right atrial pressure did
not show any appreciable change thereby indicating that the rise of inferior venacaval pressure
wasof mechanical origin. Peripheral vascular resistance was increased during low cardiac
output and hypotension which was probably compensatory in nature. Bilateral vagotomy had no
effecton cardiac output but changes in peripheral vascular resistan~e at PI was interesting. At
this pressure of gastric distension the rise in peripheral vascular resistance over the resting
value was proportionately much less after vagotomy than before. Section of vagi had no
sucheffect on peripheral vascular resistance at P3. However, this is a preliminary study and
no definite conclusion can be drawn from this.
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