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Changes in the electrocardiogram after a meal in normal patients have been described by several
authors since Gardberg and Olsen (1939) showed a 30-50 per cent decrease in the height of the T
wave thirty minutes after a meal, a change which lasted up to two hours. A statistical study of the
effect of meals on patients was carried out by Simonson et al. (1946) and further amplified by
Simonson and Keys (1950). They believed that the T wave changes might be explained by sympa-
thetic stimulation, and did not think diminished coronary flow was the cause. They were of the
opinion that the T wave changes were associated with a change in the ventricular gradient, and this
view was supported by Rosen and Gardberg (1957 a, b). The use of a glucose meal (100 g.) elicited
E.C.G. changes of a similar pattern in 47 out of 85 normal patients (Rochlin and Edwards, 1954).

Subtotal gastric resection is still one of the main methods of surgical treatment of peptic ulcer.
Although this operation removes ulcer symptoms there can be disappointing post-prandial symptoms
often associated with E.C.G. changes. In the early post-operative weeks, most patients complain
of fulness in the epigastrium which may amount to discomfort. A minority have, in addition,
faintness, tiredness, palpitations, sweating, pallor or subjective flushing, and sometimes nausea
and bilious vomiting. This symptom complex, usually known as the dumping syndrome (Mix, 1922),
may last for years, though many patients recover spontaneously within the first few months following
operation. These symptoms begin 15-20 minutes after eating and last up to one hour. Relief is
usually obtained by lying down. Those patients whose symptoms appeared soon after a meal were
said to have the early post-gastrectomy or dumping syndrome (Adlersberg and Hammerschlag,
1947; Zollinger and Hoerr, 1947), while the rarer group with hypoglycemic symptoms two to three
hours after eating were said to have the late post-gastrectomy syndrome. Electrocardiographic
changes coincide with the early post-gastrectomy syndrome.

Changes in the E.C.G. after a meal in patients who have had a gastrectomy have been previously
reported (Smith, 1951; Smith et al., 1953; Pulvertaft, 1954; Roberts et al., 1954; Peddie et al.,
1957; Duthie et al., 1959). It has not been suggested that these changes cause dumping but that
they are caused by the same factors as the symptoms.

Four factors have been suggested as contributing to the E.C.G. changes following a meal in
patients after gastrectomy, namely potassium deficiency, rapid glucose absorption, diminished
coronary blood flow, and finally sympathetic overactivity. A fall in the serum potassium during
dumping attacks was noted along with the E.C.G. and myographic changes suggestive of impaired
muscle function (Smith, 1951), and the intravenous administration of potassium reversed the
E.C.G. changes, prevented muscle weakness, and shortened the attacks. Further work (Smith et al.,
1953) suggested that the'rapid absorption of sugar and release of adrenaline might contribute to the
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fall in serum potassium and thus to the E.C.G. changes. Roberts et al. (1954) could find no corre-
lation between the symptoms and lowered levels of serum potassium. Pulvertaft (1954) found the
symptoms occurred before the hypokalemia and postulated a connection between the rate of absorp-
tion of sugar and the vasomotor symptoms and the E.C.G. changes.

In recent years attention has been given to circulatory changes. A decrease in blood volume
has been observed at the time of symptoms induced by a glucose meal in patients after gastrectomy
(Roberts et al., 1954; Roberts et al., 1955; Walker et al., 1955) together with E.C.G. changes
similar to those reported by Smith (1951). Hypotension accompanied these findings in most cases,
and it was suggested that the fall in blood pressure might result in stimulation of the sympathetic
nervous system from baro-receptors in the arch of the aorta, the E.C.G. changes being explained
on the basis of coronary insufficiency.

The first part of this paper reports the E.C.G. changes following a glucose meal in patients with
intact stomach and after gastrectomy. During the test period, other cardiovascular parameters
were observed and have been previously reported in part (Duthie et al., 1959). The second part
consists of experiments carried out on patients with gastrectomy to evaluate the suggested mechanism
of the E.C.G. changes.

MATERIAL AND METHODS
Twelve patients were studied before operation, 36 after Polya gastrectomy (gastro-jejunal

anastomosis), seven after gastro-jejunostomy with vagotomy, and five after conversion from Polya
to Billroth I gastrectomy (gastro-duodenal anastomosis).

The patients were studied after a 12 hour fast, sitting in a chair with a control period of one hour
before, and a test hour after the ingestion of 100 ml. of 50 per cent glucose. The E.C.G.s were
taken during a two hour period during which the serum potassium, blood sugar level, plasma
volume, and blood pressure were measured. Electrocardiograms were taken every few minutes
with a Cambridge Electrite machine, recording the standard and augmented limb leads. The
electrodes were not moved during the two hours, and to avoid postural effects on the E.C.G. the
patient remained seated throughout the period of the test. The machine was standardized at each
tracing to show a deflection of 1 cm. per 1 millivolt. The QT ratio was taken as the relationship of
the measured Q-T to the ideal Q-T, as calculated by Bazett's formula, expressed as a percentage
(Goldberger, 1953).

Control studies were made over a period of two hours on patients who were not given a test meal,
and no E.C.G. changes were observed. Since the ingestion of cold water can give rise to E.C.G.
changes (Wilson and Finch, 1923), five patients were given 200 ml. of water at room temperature
by mouth; but there was no alteration in the E.C.G. This indicated that any change following a
glucose meal given at room temperature was not due to a cooling effect. It is generally agreed that
subjective influences can play a part in the interpretation of E.C.G.s; care has therefore been taken
throughout this study to use the patient as his own control.

RESULTS
Form ofE.C.G. Changes. The changes were as follows in order of frequency (Table 1, and Fig 1):
(i) An increase in the heart rate varying from a few beats to 50 beats a minute.
(ii) A broadening and lowering of the potential of the T wave best seen in leads II, III, and aVF;

less frequent and less obvious in lead I. Accompanying this there was often a reciprocal decrease in
the negativity of the T wave in lead aVR. The Q-T ratio was increased.

(iii) An increase in the potential of the P wave with peaking in leads II, III, and aVF.
(iv) A U wave made its appearance or became more prominent if already present.
(v) The S-T segment take-off was below the isoelectric line or the whole S-T segment became

negative.
(vi) The QRS complex increased in voltage.
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ELECTROCARDIOGRAMS BEFORE AND AFTER GASTRECTOMY

TABLE I
DETAILS OF CHANGES IN THE ELECTROCARDIOGRAM FOLLOWING A GLUCOSE MEAL

No. of patients
Changes in electrocardiogram (out of 44 with

E.C.G. changes)
T wave

Flatter in II, III, and aVF (flatter in lead I in 6 out of 44 tracings) 43
Less negative in aVR .. .. .. .. .. .. .. 27

QT ratio
Increased (II) .. .. .. .. .. .. .. .. 26*

P wave
Peaking in IT, III, and aVF .. .. .. .. .. 25

U wave
Prominent especially in II, III, and aVF .. .. .. 23

S-T segment
Depression 7 .. ... .. .. ..
Low take-off 6 .. .. .. .. .. .. .. 18
Sagging 5 .. .. .. .. ..

QRS complex
Increased voltage in II, III, aVF .. .. .. .. .. 14

* Out of 31 patients with E.C.G. changes after Polya gastrectomy.

223

These changes appeared five to 15 minutes after the glucose meal, and usually reached a maximum
at about 20 to 30 minutes. Thereafter they reverted slowly towards the control state, though
residual changes were often present at the end of the test hour. Not all the above changes were
seen in each case. The first change was flattening of the T wave. The changes were reproducible
as shown by repeat tests on the same patient.

Incidence of E.C.G. Changes. The changes occurred more often after operation than before,
and particularly after the Polya type gastrectomy (Table II). Of the three patients with E.C.G.

TABLE II
THE INCIDENCE OF ELECTROCARDIOGRAPHIC CHANGES AFTER A STANDARD GLUCOSE MEAL IN PATIENTS BEFORE AND

AFTER OPERATION

Comparison with pre-
Patients Number No. with E.C.G. changes operative patients

x2 P

Pre-operative .. .. .. .. 12 3 (25%)
Polya gastrectomy .. .. 36 31 (86%/) 13-44 <0001

Gastrojejunostomy+vagotomy .. 7 5 (71%) 2 27 <0-1
Total .. .. .. .. .. 55 39 (71%Y)

changes before operation, one exhibited slight T wave changes, and the other two had the full
pattern. These two had similar changes after a Polya gastrectomy, though they appeared a little
sooner after the meal. Neither had dumping symptoms. The E.C.G. changes were well marked
in 26 of the 36 patients after Polya gastrectomy; five others had T wave changes only.
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FIG. 1.-Electrocardiographic changes following a glucose meal in a patient after a Polya gastrectomy.
A, control. B, C, D, and E, tracings taken at 6, 12, 25, 40, and 60 minutes respectively. Note
the maximal changes present at 25 minutes.

The five patients who were studied after conversion to a Biliroth I gastrectomy showed a pattern
similar to that observed when they had a Polya anastomosis.

No correlation was found between the E.C.G. changes and change in blood pressure, pulse
rate, or the degree of the fall in plasma volume. Only 17 of the 31 patients with E.C.G. changes
after Polya gastrectomy had any form of dumping symptoms, and one had dumping symptoms
without E.C.G. changes. Thus the presence of dumping symptoms was not necessarily associated
with the E.C.G. changes.

Conclusion. It is clear that the E.C.G. changes following a glucose meal in patients after
gastrectomy have the same pattern as those in a normal subject except that the changes are more
frequent, occur more rapidly, and are more marked after the operation.
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ELECTROCARDIOGRAMS BEFORE AND AFTER GASTRECTOMY 225
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following a glucose meal, in a patient after a Polya gastrectomy. A, control. B, typical changes
present at 14 minutes after glucose meal. At this point ergotamine tartrate 0-5 mg. was given
intravenously. C, electrocardiographic changes back to control pattern at 26 minutes. D, E,
and F, show the course of events in same patient without ergotamine. D, control. E, 26 minutes;
typical changes still present. F, 50 minutes; recovering.

POSSIBLE CAUSES FOR ELECTROCARDIOGRAPHIC CHANGES
The methods and conditions of the following investigations are described above in the section

on Material and Methods unless specially noted below.

1. Diminished Coronary Blood Flow
Six patients who had had a Polya gastrectomy were given a rapid intravenous infusion of 500 ml.

dextran (6%. in saline) or 500 ml. plasma at the time when the E.C.G. changes were beginning to
appear following ingestion of the glucose test meal. The volume of plasma (or plasma expander)
given was greater than the fall in plasma volume measured at the first experiment, so that a decrease
in the circulating blood volume should have been balanced. In only one case was the duration of
Q

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.24.2.221 on 1 M
arch 1962. D

ow
nloaded from

 

http://heart.bmj.com/


226 KERR AND DUTHIE

the change shortened compared with that when the test meal was given alone. This suggested that
a drop in coronary blood flow was not likely to be the main cause of the E.C.G. changes.

Further evidence against diminished coronary blood flow was found in the effect of an intra-
venous injection of ergotamine tartrate, 0 5 mg. This drug rapidly abolished the E.C.G. changes in
nine patients after operation (Fig. 2), in spite of the fact that it tends to constrict coronary vessels
(Katz and Linder, 1939).
2. Lowered Plasma Potassium Levels

Plasma potassium levels were estimated by means of a flame photometer in 20 patients who
developed E.C.G. changes after a glucose meal. No constant trend was found in the test hour, the
readings all being within the normal range.

In two patients with hypokalkmia (serum potassium 3*- m. Eq./l. and 3 5 m.Eq./l.) ergotamine
tartrate 0 5 mg. intravenously had no effect on the E.C.G. changes, which were typical of potassium
deficiency. This was in marked contrast to the rapid reversion to the control pattern in the nine
patients who were given ergotamine after the glucose meal (Fig. 2).
3. Rate of Change in Blood Sugar Level after Glucose Meal

The blood sugar levels were measured (Hagedorn and Jensen, 1923) in 27 patients after gas-
trectomy who had E.C.G. tracings. There was no significant difference between the five without
E.C.G. changes and the 22 who had such changes.

Four patients who had typical E.C.G. changes after glucose by mouth, were given 0-5 g. glucose
per kg. intravenously as a 20 per cent solution. The intravenous glucose produced equivalent
blood sugar changes, but no E.C.G. changes.

Three patients were given hypertonic saline (16-3 g. per 100 ml., isotonic with the glucose meal)
by transnasal jejunal tube, and E.C.G. changes similar to those after a glucose meal were observed
(Fig. 3). The pattern was identical in one, slightly less in one, and more fully developed in the third.

X EI 1m1 AVR AVL AVF

..

X~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-. . . .

A _

.
P . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~..

C oS . ..~~~~~~~~~~~~~~.......... . . ..... ..

D
............. .X ~~~~~~~~~~~~~~~ ~~~~~~~~........."I .

*
e - ' | e - e ~~~~~~~~~~~~~~.. ,

FIG. 3.-Electrocardiographic changes following hypertonic saline compared with those following a
glucose meal in a patient after a Polya gastrectomy. A, control. B, 18 minutes after glucose.
C, control. D, 18 minutes after hypertonic saline.
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ELECTROCARDIOGRAMS BEFORE AND AFTER GASTRECTOMY 227

The above evidence led to the conclusion that the E.C.G. changes were not related to the rise in
blood sugar.
4. Autonomic Imbalance

Methods designed to alter the balance between the sympathetic and the parasympathetic nervous
system were used to study this further.

Effect of Adrenaline. Six patients after Polya gastrectomy were given adrenaline hydrochloride
1 mg. by subcutaneous injection and the effect on the E.C.G. compared to that after the glucose meal.
The general pattern was seen to be similar (Fig. 4) and the changes were almost identical in three

I III ~~~~~~AVRAVL AVF

3 -- f

C~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
A

21 - -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~..

FIG.4.-Electrocardiographic~~~~~.... .....chnefolwigsbctnou.necinofarnaiehyrcloie
comparedwith those following aglucose meal in a patient aftera Polyagastrectomy..A,.control
B,30minutes after glucose meal; C. control. D, 33 minutes afteradrenaline,...1....mg....

cases.However, following adrenaline S-T changes tended to be more prominent,while.U.wav
chngsee es bvou. uthrmr, drnaie ene t cus rrytma;suraetrcua
exrssoe eecmo,adtasetivrso ftePwv a eni he ains

Effect of Pos-Ztura ChneonteE...Afe=asrcoy iepains h adECG
changeswiththeglucosemeal were tested by taking a control E.C.G. on a horizontal table and then
tiltinthetbletoanange of 7 degres to te horiontal.Tracins weretaken ach miute fo
10miue,atrwihte aina. eundt tehrzna oiin
Thepatternof the changes was similar to those seen after glucose (Fig. 5). In sixcases....the

changewerealmos idenical,and inthe rmainig thre the were ess oviousafterthe pstura
changethanaftertheglucose meal. These changes began immediately on tilting, andreached~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-

EFfect ofSmpatetrcdicolytpicDrungesonteECGfhneollowingsuctnosijcino deaGlucoe Meaocl.rPhent,

etamineewrecmmnandphnxbnzmntyrochlortidver(dibenzylinhe)P were givsenitorepatients.woha a
gastectomy whera hagntheywrtded bmEansG ofther gstandardyglcsemalniepatientswhohd EreG
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228 KERR AND DUTHIE
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FIG.5.-Electrocardiographic changes~~~~~. followin injectionofarpneadate.otra.hne
comparedwith those following a glucose meal in a patient after a Polya gastrectomy A,control,...
sittig. B,38 mnutesafterglucse mel. C contol, sttin D15minuts.afer.atopin
gr.1/100(06mg.) intravenously. E, control, lying. D, 5 minutes after tilting table to75O~~~~~~~~~~~~~~~~~~~~..

givenphentolamine, 10mg. intravenously, and three dibenzyline 0 7 to 1mg..per..kg.by.intravenous
infusion.Intwootherpatients, a total of 140 mg. dibenzyline was given orally in the 12hours~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.
precedingthetestmeal of glucose. In none of these experiments did the drugs used preventthe~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.
changesoracceleratetheirdisappearance; if anything the time for restitution of the E.C.G.changes~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.
wasprolonged.~~~~~~~~~~~~~~~~~~~~~~~~~~~..................
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ELECTROCARDIOGRAMS BEFORE AND AFTER GASTRECTOM Y 229

sympathetic nervous system and tachycardia is one of the results. Atropine also causes T wave
changes in the E.C.G. (Hartwell et al., 1942). Five patients after gastrectomy were given two doses
of atropine sulphate gr. 1/100 (0-6 mg.) intravenously at 15 minute intervals under the usual test con-
ditions. Comparison of the maximal changes obtained in this experiment with those following the
glucose meal showed that the pattern was similar (Fig. 5) in three patients and less after atropine
in two.

Effect of Ergotamine on the E.C.G. Changes Following a Glucose Meal. Ergotamine tartrate
J -5 mg. was given by intravenous injection to nine patients after gastrectomy when they had developed
E.C.G. changes following a glucose meal. In all nine, the changes were rapidly reversed (Fig. 2)
and the E.C.G. returned to the control pattern, except that U waves still tended to be increased.
To provide controls for this experiment three patients who had pathologically flattened T waves
(two with a left heart strain pattern and one with an old posterior myocardial infarction) were given
ergotamine tartrate 0-5 mg. intravenously, amyl nitrite being at hand should any deterioration of
the tracing occur. No elevation of the T waves occurred, and in one case there was further depres-
sion which responded rapidly to the inhalation of amyl nitrite. Scherf and Schlachman (1948b)
reported improvement in organic T wave changes in three out of 13 patients who were given intra-
venous ergotamine. It can.thus be seen that the non-specific improvement is, at best, variable, in
contrast to the uniform reversion of the E.C.G. changes after the glucose meal with ergotamine.
A further control was obtained from two patients who were given mephenteramine sulphate

15 mg. intravenously at the same time interval as the ergotamine tartrate so that the vasoconstrictor
effect of ergotamine might be imitated. No improvement in the E.C.G. appearance resulted.

The dose of ergotamine tartrate given in this investigation is too small to cause a sympathetic
block in man, but exercises an effect on the cardiac reflexes by central vagal stimulation (Goodman
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KERR AND DUTHIE

and Gilman, 1955). This would be compatible with a relative sympathetic overactivity causing
the E.C.G. changes with restoration of the balance by ergotamine.

5. Effect of Recumbency on the E.C.G. Changes Following a Glucose Meal
The initiation of these E.C.G. changes is from the alimentary tract, and to attempt to define

the mechanism five patients were given a meal of 100 ml. 50 per cent glucose by transnasal intrajejunal
tube in the recumbent position. Some changes in the E.C.G. took place in all patients but they
were much less than in the sitting position (Fig. 6).

6. The Relationship of Heart Rate to the T Wave Changes
The height of the T wave was plotted against the corresponding pulse rate. Each was measured

from at least four samples in lead II, the analysis being carried out for atropine, postural change,

PATEN 41
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ATIENT 29 PArTENr 3
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FIG. 7.-The relationship between the pulse rate and the height of the T wave in lead II in five patients
in whom the effect of atropine, postural change, and glucose was compared.

and glucose (Fig. 7). Glucose was found to give the steepest slope in four patients. As inter-
preted by Sjostrand (1950), this indicated that a hemodynamic factor, as well as heart rate, influenced
the amplitude of the T wave.
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ELECTROCARDIOGRAMS BEFORE AND AFTER GASTRECTOMY

DISCUSSION
The first part of this study clearly showed that the E.C.G. changes following a glucose meal

were similar in the intact stomach and following partial gastrectomy. Gastrectomy merely facili-
tated and exaggerated the E.C.G. changes indicating that the effect of the operation was to accen-
tuate a physiological process.

The additional experiments pointed to sympathetic stimulation as having a major part in the
production of the E.C.G. changes following a glucose meal. The pattern after glucose was similar
to that after postural change, after adrenaline and after atropine, and it was reversed by the vagal
stimulation of ergotamine. Alteration of posture changes the E.C.G. and the changes have been
attributed in part to stimulation of the sympathetic nervous system (Nordenfelt, 1941; Meyerson and
Davis, 1942; Scherf and Schlachman, 1948a). Two sympathetic drugs, phentolamine and dibenzy-
line, produced no improvement, showing that adrenaline release was not the mechanism. That
sympathetic stimulation was not the whole explanation was shown by the greater change in some
patients following the glucose than after atropine or postural change, and by reversion of the E.C.G.
with plasma expander in one case. The fact that some patients had typical E.C.G. changes with an
increase in heart rate of only a few beats suggested that tachycardia was not the sole basis of the T
wave changes.

When the glucose was given into the jejunum with the patient lying down E.C.G. changes were
minimal. It is well known that lying down after a meal prevents vasomotor dumping symptoms
and this is generally held to be due to delay in gastric emptying so that the small bowel receives the
meal at a slower rate. In this study care has been taken to maintain a similar rate of entry of the
glucose into the jejunum when the patient was lying down or sitting in a chair. Despite this, E.C.G.
changes were not so marked in recumbency, suggesting that upright posture has some part to play
other than hastening gastric emptying. The obvious way in which this operation alters the normal
sequence of events after the ingestion of a hypertonic meal is to allow rapid emptying of the gastric
remnant which is followed by hypermotility of the small bowel; and this occurs whether dumping
is present or not (Duthie and McKellar, 1960). This overactivity of the small bowel has been thought
to influence the autonomic nervous system (Hoffman, 1939) and may well be one of the factors
initiating the E.C.G. changes. It has been frequently suggested that the hypertonic meal produces
an outflow of fluid into the small bowel lumen (Roberts et al., 1954; Amdrup and Jorgensen, 1957;
Peddie et al., 1957; Randall, 1958) and the circulatory changes resulting from these two events may
assist in producing the E.C.G. changes.

No explanation is provided for the fact that similar E.C.G. changes do not occur in all cases and
it can only be postulated that this is due to natural variability in the autonomic neural tone and
cardiovascular responses.

SUMMARY
The electrocardiogram was studied after a standard glucose meal in patients with intact stomach

and following gastrectomy. The principal changes were an increase in heart rate, and flattening
of the T wave in leads II, III, and aVF. These changes were often associated with depression of
the ST-T take-off, and peaking of the P wave, best seen in leads II, III, and aVF. The patterns
were similar in the two groups of subjects, but the operation increased the incidence and degree of
the changes. In those who had had a gastrectomy, there was no relationship between the E.C.G.
changes and the incidence of dumping symptoms, or alterations in other cardiovascular parameters
measured.

Further experiments were carried out to evaluate four factors that have been suggested as a
basis for the E.C.G. changes; namely, potassium deficiency, rapid glucose absorption, diminished
coronary flow, and sympathetic overactivity. The balance of evidence suggested that the last
played a major part.

We wish to acknowledge the encouragement and interest of Professor Sir Charles Illingworth during this study and
the valuable assistance of Professor E. J. Wayne in the preparation of the paper. Supplies of dibenzyline were
kindly provided by Smith, Kline, and French Laboratories, Ltd., Philadelphia, Pa.
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