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Central haemodynamic changes after a meal
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SUMMARY Eight healthy people (seven men and one woman, aged 19 to 31 years) were studied by
radionuclide cardiography when supine before and 30 minutes after a standard meal (6300 kJ).
Control investigations were performed on a different day within a week ofthe standard meal. There
was a median increase in cardiac output of 62% that was attributable to a 17% increase in heart rate
and a 41% increase in stroke volume. Blood pressure and concentrations ofplasma catecholamines
did not change. The median end diastolic and end systolic volumes ofthe left ventricle increased by
41% so that the left ventricular ejection fraction was unchanged. There were no significant changes
during the control experiments.

In healthy people a meal caused an appreciable increase in stroke volume and dilatation ofthe left
ventricle. The activity ofthe sympathetic nervous system, as measured by plasma catecholamines,
did not change much, and changes in blood volume alone did not seem to explain the
haemodynamic response to the meal.

Cardiovascular changes have been reported during
eating and digestion. Experimental studies showed
an early rise in cardiac output during eating, which
was attributable to an increased heart rate; stroke
volume fell.'2 Most of the changes reverted to
baseline values at the end of eating.2
There have been few human studies of the central

haemodynamic changes after a meal, and the results
of investigations in normal subjects are conflicting.34
We studied changes in left ventricular volume in

healthy young people 30 minutes after a standard
meal. We also measured plasma catecholamine
concentrations.

Patients and methods

We studied eight healthy people (seven men and one
woman; aged 19 to 31 years, median 26 years; median
weight 74 kg, range 63 to 94 kg; and height of 1 80 m,
range 1-62 to 1.88 m). The study protocol was
approved by the local ethics committee.

STUDY PROTOCOL
The volunteers entered the laboratory about three
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hours after a light breakfast. They were examined
after lying down for at least 15 minutes. Baseline
investigations were performed before the meal and
postprandial investigations 30 minutes after the end
of the meal. Volunteers were randomly allocated to
have the standard meal or control investigation
performed on the first day. Measurements for both
studies were performed according to an identical
procedure, except for the control study during which
the volunteers moved freely for the period corres-
ponding to ingestion of the meal.

STANDARD MEAL
The standard meal (6300 kJ) consisted of 280 g
minced beef, 300 g potatoes, 50 g peas, 40 g sliced
cucumber, sauce, 150 g stewed apples with 30 g
cream, and 400 g low-fat milk. It contained 22%
protein, 35% carbohydrate, and 43% fat.

INVESTIGATIONS
Heart rate. was monitored electrocardiographically
and blood pressure was measured by sphygmo-
manometry. Blood samples were drawn from a
cubital vein for the measurement of plasma
adrenaline and noradrenaline by an isotope
derivative assay.5 After in vitro labelling of
autologous red blood cells with technetium-99m,6
cardiac output was measured by first passage radio-
nuclide cardiography7 with injection of 500 MBq. A
cardiac gamma camera equipped with an all purpose
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Central haemodynamic changes after a meal
parallel hole collimator (Siemens) was positioned in
the left anterior oblique projection over the heart to
allow optimal separation of the left ventricular
chamber. The camera was connected to a dedicated
computer system (Scintiview, Siemens) and left
ventricular ejection fraction was measured by the
multigated equilibrium technique.8 Left ventricular
end diastolic volume was calculated as the stroke
volume (cardiac output divided by heart rate) divided
by left ventricular ejection fraction, and left
ventricular end systolic volume as the end diastolic
volume minus stroke volume. Statistical analysis was
performed using Pratt's rank test for paired data. A p
value < 0 05 was regarded as significant.

Results

Because the haemodynamic changes in the woman
resembled those in the men, we pooled the results
(table 1). After the meal cardiac output was increased
by a median of 62% because of a 17% increase in
heart rate (p < 0 01) and a 41% increase in stroke
volume (p < 0 01) (fig 1). Left ventricular end
diastolic and end systolic volumes both increased by
41% (p < 0-02), but there was no change in the left
ventricular ejection fraction (fig 2). Blood pressure
did not change significantly.
Neither plasma adrenaline nor plasma noradren-

aline concentrations changed significantly after the
meal (table 2).

In the control experiments there were no

significant changes in plasma catecholamine concen-
tration or in any haemodynamic variable (tables 1 and
2).
The distribution volume of labelled red blood cells

showed an increase from a median of 5-20 1 (range
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414 to 6.14) to 5-61 1 (446 to 6 95) after the meal
(p < 0 05). The values in the control study were
5.52 1 (4-15 to 6.66) and 5.53 1 (3-94 to 6-89) respec-
tively.
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Fig 1 Haemodynamic variables before and after eating
(closed circles). Open circles are valuesfor the control
experiments. Median values are shown. *p < 0 01.

Table 1 Haemodynamic data before (B) and after (A) ingestion of a standard meal and during a control study in eight
healthy people (median (range))

Standard meal Control

Data B A B A

Cardiac output (1/min) 4 40 (3-63-5 69) 6-87** (6-13-8-16) 4 91 (4-00-5-87) 4-60 (3 87-6 42)
Heart rate (beats/min) 57 (51-65) 66** (59-76) 57 (49-69) 55 (44-64)
Stroke volume (ml) 85 (58-91) 102** (86-127) 87 (69-105) 79 (72-117)
Systolic blood pressure
(mm Hg) 105 (90-102) 105 (90-130) 100 (95-110) 100 (90-110)

Diastolic blood pressure
(mm Hg) 73 (55-85) 60 (55-85) 70 (65-75) 70 (55-75)

Left ventricular ejection
fraction (%) 55 (48-68) 58 (50-68) 56 (52-71) 59 (50-67)

Left ventricular end diastolic
volume (ml) 138 (112-188) 180* (141-232) 156 (97-182) 129 (118-208)

Left ventricular end systolic
volume (ml) 60 (39-98) 90* (53-111) 70 (28-87) 56 (39-91)

*p < 0-02; **p < 0 01.
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Fig 2 Left ventricular end diastolic volume (LVEDV),
ejection fraction (LVEF), and end systolic volume
(LVESV) before and afterfood (closed circles). Open
circles are values of the control experiments. Median values
are shown. *p < 0-02.

Discussion

Knowledge of postprandial haemodynamic changes
is almost entirely based on experimental studies in
animals. In dogs feeding significantly increased car-

diac output, heart rate, and arterial blood pressure.'2
A rise in blood pressure was also seen in calves9 and
pigs.'° Nevertheless, there are considerable species
differences in the cardiovascular response to
feeding.'0 In most ofthese studies the haemodynamic
changes were most prominent during feeding and
most of the variables had reverted to baseline values
at the end of feeding. So, the buccal phase of
digestion may have had a considerable effect.' 210

Previous studies in healthy people have shown no

change in haemodynamic variables3 or postprandial
increases in heart rate, blood pressure, and cardiac

Kelbak, Munck, Christensen, Godtfredsen
output.4 The discrepancy may be related to differen-
ces in size of the meals.
We studied haemodynamic variables in healthy

people after a substantial Danish meal (6300 kJ, 1500
kcal). The increase in cardiac output in all
individuals after this meal was mostly attributable to
an increase in stroke volume. This is at variance with
animal studies in which stroke volume fell. Our
results indicate that the increase in stroke volume was
achieved by a considerable dilatation of the cardiac
chambers. These findings are probably unique to
primates. The increases in left ventricular end dia-
stolic and end systolic volumes were ofsimilar size, so
that the left ventricular ejection fraction was un-
changed. In contrast with the results of animal
studies," Young et al found no significant change in
plasma concentrations of catecholamines in healthy
young people after ingestion of glucose, fat, or

protein.'2 Our results were similar. Thus neither the
postprandial increase in heart rate nor the rise in
stroke volume can be ascribed to an increased
concentration of circulating catecholamines.
When cardiac output is measured by first pass

radionuclide cardiography the distribution volume
of the injected tracer is measured. This volume may
be taken as an indicator of the blood volume and it
increased slightly after the meal (by a median of8%).
This rise alone can hardly explain the considerable
increase in postprandial cardiac output that we
found. In an earlier study the left ventricular ejection
fraction increased after a meal in patients with
congestive heart failure and moderately depressed
values of left ventricular ejection fraction.'3 In
another study 10 patients with heart failure showed a
postprandial increase in cardiac index.'4 However,
spontaneous increases were also found in three out of
five patients who were fasting. Such variation
emphasises the need for controlled studies.

In our study lack ofa change in mean arterial blood
pressure and the considerable increase in cardiac
output indicate a postprandial reduction in total
peripheral resistance of at least 50%. Fronek and
Stahlgren reported a 33% increase in flow in the
superior mesenteric artery during digestion in dogs.2
In addition, the increase in intestinal flow was
confined to the mucosal and submucosal layers of the
duodenum and jejunum 30 to 90 minutes after

Table 2 Plasma concentration of catecholamines in eight healthy people before (B) and after (A) a standard meal (medians
(range) )

Standard meal Control

B A B A

Adrenaline (ng/ml) 0-02 (0-00-0 04) 0-01 (0-00-0-02) 0-02 (0-00-0-04) 0-02 (0-00-003)
Noradrenaline (ng/ml) 0-19 (0-10-0 30) 0-23 (0-13-0-38) 0-16 (0-12-025) 0-19 (0-11-032)
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feeding and to the ileum at 90 minutes, whereas the
blood flow to the colon was unchanged during this
observation period.'"" Thus the cardiovascular re-
sponse to feeding seems to originate from the diges-
tive organs and tissues. Vasoactive intestinal peptide
may be important in these changes."8 In addition, the
influence of the buccal phase of digestion on
haemodynamic function remains to be settled.
The physiological implication of our findings is

that much of the considerable increase in cardiac
output after a meal is attributable to an increase in
stroke volume. The increase in stroke volume is
probably specific for primates and is achieved by a
considerable dilatation ofthe ventricular chamber(s).
Other investigations suggest that the central
haemodynamic changes recorded after eating are
secondary to changes in intestinal blood flow. Post-
prandial haemodynamic changes in patients with
coronary disease should be studied.

This work was supported by the Danish Medical
Research Council, the Danish Heart Foundation,
and Novo's Foundation.
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