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Effects of exercise on mesenteric blood flow in man
M I QAMAR AND A E READ

From the University Department of Medicine, Bristol Royal Infirmary, Bristol

SUMMARY Transcutaneous Doppler ultrasound was used to assess the effects of exercise on both
fasting and postprandial superior mesenteric artery blood flow. After treadmill exercise (speed 5
km/h, gradient 20(%, duration 15 min) in 16 subjects, superior mesenteric artery blood flow
decreased by 43% immediately after the end of the exercise and by 29% at five minutes and 24% at
10 minutes postexercise. The superior mesenteric artery blood flow response to a combination of a

treadmill exercise and a liquid meal in 15 volunteers was significantly smaller at five minutes from
the end of the stimuli, than the response to the meal alone (15 controls) (635±51 ml/min v 846±72
ml/min) (p<0O-025), but not different at any other time. Thus exercise reduces mesenteric blood
flow in both the fasting and postprandial state in normal subjects.

In 1939 Kats and Robdard' described the splanchnic
circulation as a 'blood giver of the circulation' and
pointed out that the splanchnic circulation may play a
major role in overall cardiovascular regulation. Since
then several investigations of splanchnic and mesen-
teric blood flow during stressful conditions such as
exercise have been carried out in man and animals.
The results of the exercise studies are conflicting,
however. In man, splanchnic blood flow has been
shown to be reduced during exercise by several
investigators. 3 Blood flow to the abdominal viscera
is reduced by 20-30% of the resting value during
maximal exercise in young healthy subjects, irrespec-
tive of their state of training or absolute aerobic
capacity.7 In contrast canine superior mesenteric
artery blood flow (SMABF) remained stable during
exercise. Exercise also did not affect SMABF in
baboons."
The postprandial increment in SMABF was repor-

ted not to be compromised in exercising dogs."'
Thus in dogs exercise does not appear to affect
mesenteric blood flow either during the fasting state
or during digestion. Although a reduction in human
splanchnic blood flow has been confirmed repeatedly
during exercise, no studies concerning human
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SMABF per se either in the fasting or postprandial
state, seem to have been reported.
The aim of the present investigation was to assess

the effect of exercise on SMABF in healthy subjects
in both the fasting and postprandial state using a
transcutaneous Doppler ultrasound method.'4

Methods

SUBJECTS
Sixteen healthy volunteers, eight men, eight women,
aged 19-52 years (mean 25-6 years) with body
weights ranging from 52-86 kg (mean 65-9 kg) were
studied. Their normal physical activity varied from
active to sedentary; nine were involved in sporting
activities, the rest were not. The investigation was
carried out under quiet conditions in an ambient
temperature of 21 ± 1°C. Subjects were fasted for 12
hours and before examination were rested for 30
minutes in the supine position. A 'resting' Doppler
ultrasound recording of the superior mesenteric
artery was taken at the end of this period. Exercise
was carried out on a treadmill (Cardio exercise
treadmill: Quinton Instruments, Seattle, Washing-
ton, USA). Each subject walked for a period of 15
minutes at 5 km/h up a 20% incline. As soon as the
treadmill was switched off, the subject returned to
the examination couch and an immediate Doppler
ultrasound recording was carried out. This was
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repeated five, 10, 15, and 30 minutes from the end of
the exercise.
The combined effect of exercise and a meal was

investigated in a further group of 15 healthy volun-
teers (10 men, five women) with a mean age of 25*5
years (range 19-36 years). Fifteen healthy volunteers
matched for age and sex, 10 men, five women, aged
21-39 years (mean 26 years) were used as a control
group.

Superior mesenteric artery blood flow was first
recorded in the resting and fasting state in both
groups and serially for one hour after treadmill
exercise (5 km/h up a 20% incline for 15 minutes) and
a liquid meal in the first group and after the meal
alone in the control group. Over the first 10 minutes
of the exercise period a liquid meal was ingested.

Superior mesenteric artery blood flow was recorded
immediately after the end of exercise, that is five
minutes after the end of ingestion of the meal.
Subsequent recordings were performed at 10, 15, 30,
45, and 60 minutes from the end of the meal.
Identical recordings were done in the control group
(meal alone).
The meal was made from one sachet of com-

mercially available strawberry flavoured 'Build up'
(Carnation) mixed with 400 ml milk (390 K cal, 21 6 g
protein, 15-4 g fat and 41-3 g carbohydrate).

Superior mesenteric artery blood flow was meas-
ured by using a transcutaneous Doppler ultrasound
method, details ofwhich have been described earlier'3
and here are described briefly. A duplex scanner,
which is a pulsed Doppler flowmeter associated with
a real time imager, was used. The real time imaging
system was used to visualise the superior mesenteric
artery and this allowed the placement of the Doppler
sample volume within the lumen of the artery so as to
obtain the Doppler shift signals. Real time imaging
was also used to measure both the diameter of the
artery and the angle of insonation - that is, between
the directions of the Doppler beam and the artery.
Signals were analysed using a spectrum analyser
(Radionics 8000) and a computer (Apple). The
instantaneous average velocity over the cardiac cycle
was then calculated and blood flow volume was
derived by knowing the cross sectional area of the
vessel.
The mean, standard deviation and standard error

of the mean (SEM) were used for the calculation of
the data; Student's t test was used for paired data.

Results

EFFECT OF EXERCISE ON SMABF IN THE
FASTING STATE
The mean value (SEM) of the resting SMABF was
555±30 ml/min (n=16). The mean (±SEM) of the

800'
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Fig. 1 Meanvalues±standard error ofthe mean ofthe
superiormesenteric artery bloodflow (SMA BF) at rest and
0-30 minutes after the end oftreadmill exercise in 16 normal
subjects.

post exercise values are shown in Figure 1. Immedi-
ately after the end of the exercise (0 min) SMABF
had decreased by 43% to 319±21 ml/min (p<0-0005)
(Fig. 2). Mean SMABF was below the pre-exercise
control level by 29% (p<0-001) at 5 and 24%
(p<0-0025) at 10 minutes from the end of the exercise
(Fig. 2). Flow was still reduced by 10% at 15 and 9%
at 30 minutes after exercise, but these differences no
longer achieved statistical significance (Fig. 1).

COMBINED EFFECT OF EXERCISE AND A
MEAL ON THE SMABF
The mean values (±SEM) of SMABF in the 15
subjects of the exercise plus meal group, and in the 15
controls (meal alone) are shown in the Table. Five
minutes from the end of the meal (0 minutes after the
end of exercise) the mean SMABF had increased by
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Fig. 2 Percentage change in superior mesenteric artery
bloodflow (SMA BF) after treadmill exercise in 16 normal
subjects.
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Table Superior mesenteric artery b
rest and 5-60 min after taking a liqui
liquid meal alone

SMA BF (inl)initt)
mneatn values±SEM

Meal alon
Meal+exerc,ise controls

Timne (n = 15) (ti = 15)

Rcsting 513+34 523+40
Postprandial - -

5 min 633+51 846+72
10 min 750±62 812±64
15 min 730+48 814+42
30 min 728±53 710±46
45 min 664+54 676+48
60 min 571+54 628±42

23%/o to 633±51 ml/min in the ex
(Fig. 3). This was followed by
(750±62 ml/min) (p<00025)
ml/min) (p<00005) at 15, 42
(p<0001) at 30 and 29% (664±
at 45 minutes (Fig. 3). Superi
blood flow at 60 minutes was no
from the resting and fasting lev
Compared with the response

trols) the response to the comb
and meal) was smaller at 5 minu
846±72 ml/min) (p<0025) bu
other time (Table).

Discussion

Previous measurements of SM
have all been carried out in
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Fig. 3 Changes in superior mesente
(SMA BF) at the end ofa liquid meal
(M+ E) in 15 normal subjects (dottec
only (M) in 15 control subjects (conti

loodflow (SMABF) at splanchnic rather than mesenteric blood flow has
d meal and exercise and a been investigated, as methods of measuring the latter

are extremely difficult to do in exercising subjects.
In the present study the use of a transcutaneous

toiest Doppler ultrasound method allowed pre and post-
exercise recordings of the SMABF to be carried out.

e The method is simple, non-invasive, reproducible
over both short and long term'" and can detect

tvalue p changes in mesenteric blood flow after physiological
stimuli such as feeding.'4 The in vitro calibration has

0188 NS indicated an acceptable level of accuracy of the
2 415 <0 025 method.'5 Interference by the respiratory and/or
0698 NS vessel wall movements (wall thump), however, which
1296 NS are accentuated during and immediately after exer-

01263 NS cise, could affect the accuracy of measurements.
0-932 NS Respiratory movements were minimised by asking

the subjects to stop breathing during the recordings,
and the problem of the vessel wall movement was

ercise plus meal group reduced by low pass filtering of the Doppler shift
an increment of 46% signals.
at 10, 42% (730±48 The results of the present studies clearly show that
% (728±53 ml/min) exercise interfered with SMABF in both the fasting
54 ml/min) (p<0-025) and postprandial state. In fasting subjects exercise
ior mesenteric artery reduced SMABF by up to 43% and significantly over
It statistically different the first 10 postexercise minutes. Exercise also inter-
el. fered with the postprandial SMABF response five
e to meal alone (con- minutes after ingestion. Compared with the mesen-
mined stimuli (exercise teric response to the meal alone 'control', meal plus
ites (633±51 ml/min v exercise produced a smaller increase in SMABF at
t not different at any five minutes and the maximal increase in SMABF

after meal alone was reached earlier than that after
both stimuli. Later recordings were not different
between the two responses. The measurements of
SMABF were taken in the supine position before and

[ABF during exercise after exercise which was carried out in the upright
animals. In man the position, so that the response during exercise and the

effect of posture remain unclear. It was assumed,
however, that the measurements taken immediately
after exercise would reflect the response during
exercise. Posture appears to have no major influence
on the manner in which human splanchnic blood flow

* p<o 025 is reduced during exercise. " This is probably also true
in the case of SMABF. The severity of the exercise

T was assessed by the graphical method reported by
Jones and Campbell'7 converting the treadmill speed
and elevation into an equivalent oxygen uptake and

T power output. Oxygen uptake of the subjects in the
present study was estimated to be 45 ml/kg/min and
according to body weight the equivalent power
output varied from 1100 to 1650 kpm/min (mean 1330

30 w'5 60 kpm/min) indicating that the exercise was severe.
(min) The post exercise decrement in fasting SMABF

nric artery bloodflow shown in the present investigation supports the
with treadmill exercise reduction in splanchnic blood flow reported in man
tline) and after a meal during exercise.' The results are not directly com-
inuous line). parable, however, as mesenteric and not splanchnic

U 7,cp w
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blood flows were measured in these studies. The
findings of the present study disagree with the
stability of the SMABF during exercise reported in
fasted dogs." The reason for these discrepancies
seems to be the difference in species. It has been sug-
gested that in normal dogs the sympathetic nervous
system under certain stresses is less involved than in
man.'8 Probably this may also be the reason for the
stability of mesenteric blood flow in baboons.
The influence of exercise on the postprandial

SMABF responses shown in the present study also
disagrees with the results of similar investigations in
dogs where exercise did not affect postprandial
SMABF significantly.""' The difference in species
and experimental conditions are probably the reason
for this discrepancy too.
The results of this study support the concept of

redistribution of blood flow during exercise and
diversion of blood flow from the splanchnic viscera to
the working muscles.'6 The mechanism of this redis-
tribution is still unclear. A number of mechanisms
have been suggested for exercise induced splanchnic
vasoconstriction. 6 Reflexes originating from the
working muscles are thought to play an important
role though the nature of these reflexes is still
unclear.' One mechanism would be that the
splanchnic vasoconstriction simply reflects general-
ised increased sympathetic tone during exercise. In
working muscles the increase in sympathetic drive
could be opposed by the effect of local vasodilator
metabolites such as changes in 02, CO2 or other
substances. In view of the results of the present
investigation one would speculate that the exercise is
better avoided during the immediate postprapdial
period. This would be particularly important when
the meal is a large one and the exercise is severe and
performed under risky circumstances such as swim-
ming. The competition between blood flow demands
for the working skeletal muscles and the gut might
contribute to postprandial drowning. In the present
study, however, SMABF was about 300 ml/min. On
the other hand the cardiac output is increased to
values that may exceed 35 1/min in exercise. ' The
large difference between the increase of cardiac
output and SMABF makes it unlikely that the
postprandial mesenteric hyperaemia is a major factor
in drowning. The severity of the exercise and the
general cardiovascular state could be other important
contributory factors. In patients with cardiovascular
disease exercise probably reduces SMABF more
than in normal subjects and the occurrence of both
stimuli (exercise and digestion) simultaneously might
aggravate this state. It has been shown that splanchnic
blood flow during exercise in patients with mitral
stenosis is reduced to a greater degree than in normal
subjects.2"

In conclusion these studies have shown that exercise
reduces SMABF in both the fasting and postprandial
state in normal human subjects. These results are in
support of the concept of redistribution of blood flow
during exercise, and they may be of clinical import-
ance in some subjects postprandially.
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