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SUMMARY A reaction indistinguishable from the early dumping syndrome was induced in four of
nine normal volunteers by intraduodenal instillation of a hypertonic glucose meal. Tachycardia and
marked peripheral vasodilatation were demonstrated in 'dumpers' by Doppler ultrasound
measurements of the arterial blood flow signal. The dumping reaction was not detectably altered by
the addition of guar to the meal. Plasma VIP concentration rose and plasma volume fell to a similar
degree in 'dumpers' and 'non-dumpers', suggesting that neither event is an integral component of
the dumping mechanism. In contrast, the rates of rise of blood glucose and enteroglucagon
concentration were markedly greater in 'dumpers'. The results are inconsistent with the
conventional explanation that the early dumping syndrome is caused by a large osmotic fluid shift,
but are compatible with a mechanism involving an initial period of intestinal hypermotility.

The dumping syndrome remains a cause of morbidity
after gastric surgery.' A plethora of associated
gastrointestinal, cardiovascular and hormonal abnor-
malities have been described.' Because of their
close inter-relationship, however, it has not been
possible to determine which of these abnormal
responses are integral components of the dumping
mechanism and which are purely epiphenomena.
There is general agreement that accelerated early

gastric emptying of liquids is a characteristic feature
and a critical initial step in the pathogenesis of the
dumping syndrome.' It has previously been shown
that rapid instillation of liquid meals into the small
bowel can induce dumping symptoms in normal
individuals.5" Dumpers and non-dumpers, however,
show some overlap in their rate of gastric emptying,4
and not all normal subjects can be induced to dump in
instillation experiments."' The rate of gastric empty-
ing is therefore not the only determinant of whether
dumping will occur. We have attempted to define the
nature of subsequent events in the pathogenesis of
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dumping by intraduodenal instillation of hypertonic
glucose in normal subjects.

Methods

SUBJECTS
Nine healthy male volunteers (median age 25 years)
were studied after an overnight fast. A 12 gauge
single lumen tube was passed into the mid-duodenum
under fluoroscopic control. After a stabilisation
period of at least 15 minutes, a liquid test meal of 150
ml 50% glucose (meal 1) was instilled over 10
minutes. Subjects remained seated for the duration
of the study. The subjects, all medically trained, were
asked beforehand to volunteer symptoms as they
developed, and at the end of the test to grade the
severity of any reaction in discussion with one of the
investigators.
Three of the four subjects who developed convinc-

ing features of the early dumping syndrome were
given a second instillation (meal 2) at least two weeks
after meal 1. This consisted of 150 ml 50% glucose
intimately mixed with 5 g guar gum (Glucotard; MCP
Pharmaceuticals).
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Serial blood samples were taken with minimal
stasis for estimation of haematocrit and assay of
glucose and gastrointestinal hormones (insulin,
vasoactive intestinal polypeptide (VIP), and
enteroglucagon). Plasma volume changes were
calculated from the haematocrit by a previously
validated method.`" The samples for gut hormone
assay were collected in lithium heparin tubes contain-
ing aprotinin (4000 KIU), and the extracted plasma
was frozen at -20°C within 15 minutes of collection.
Hormone assays were performed by the Francis
Fraser Laboratory, Hammersmith Hospital using
established techniques."

Serial Doppler waveforms were recorded from
the most convenient of the right dorsalis pedis or
posterior tibial artery. The pulsatility index was
calculated from tape recordings of the Doppler
ultrasound blood flow signals using a spectrum
analyser/computer system.'3 The pulsatility index is
the ratio of the maximum minus the minimum value
of the signal maximum frequency envelope over one
cardiac cycle to the mean value of the maximum
frequency envelope over the same period. 14 The
median pulsatility index value for at least 30 con-
secutive beats was taken as a measure of the degree of
peripheral vasoconstriction."
The study was approved by the Ethical Committee

of the District Health Authority. The results were
analysed using the Mann-Whitney U test.

Results

SYMPTOMS
Four of the nine subjects (henceforth dumpers)
developed moderate to severe dumping symptoms
beginning five to 15 minutes after the end of the
instillation of meal 1. All four reported multiple
recognised symptoms of the dumping syndrome'
of both visceral and systemic origin. Symptoms
volunteered included abdominal discomfort and
distension, nausea, malaise, somnolence, sweating,
headache, palpitations and a feeling of warmth. The
other five subjects experienced minimal or no
symptoms (henceforth non-dumpers). Meal 2
induced symptoms similar in nature and severity to
the first meal in all three dumpers rechallenged.

Pl ASMA VOL UME'

The calculated individual peak falls in plasma volume
ranged from 4.0% to 14.9%. The mean peak fall in
plasma volume with meal I was similar in non-
dumpers (7.3%0) and dumpers (7.7%).

GLUCOSE AND INSUIlIN
The mean blood glucose profiles are shown in Figure
1. The initial rate of rise of glucose concentration
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with meal 1 was markedly greater in dumpers (range:
5-4-83 mmol/l/30 minutes) than non-dumpers (15-
4 2 mmol/l/30 minutes: p<0(05). The peak glucose
concentration was correspondingly higher in
dumpers but had returned almost to normal by 90
minutes. Peak insulin concentrations were higher
and delayed in dumpers (Fig. 2), presumably the
consequence of higher glucose concentrations and
the cause of the accelerated fall in plasma glucose
concentration seen after 60 minutes.

IN TI ROG l UCAGON
The mean enteroglucagon profiles are shown in
Figure 3. The initial rate of rise of enteroglucagon
concentration with meal I was significantly greater in
dumpers (range: 195-435 pmol/l/30 minutes) than
non-dumpers (73-182 pmol/l/30 minutes: p<0-05).
There was a strong positive correlation between the
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Fig. 3 Mean plasma enteroglucagon (EG) profile in non-
dumpers (0: n=5). dumpers with meal ] (0: n=4), and
dumpers with meal 2 (O: n=3). The timing of the meal is
indicated (M).

rates of rise of glucose and enteroglucagon (for
meal 1, r=0(86, p<0-01; Fig. 4).

VIP

A similar modest rise in VIP concentration occurred
after meal 1 in dumpers (range: 0-6 pmol/l/30
minutes) and non-dumpers (0-6 pmol/l/30 minutes:
ns).

CARDIOVASCULAR PARAMFTERS
The overall mean initial values of heart rate and
pulsatility index (1 SD) were 68 (14) bpm and 11.4
(4.6) respectively. Both parameters shov
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Fig. 4 Relationsl/ip between the rise in enterog
(EG) and glucose concentrations over 30 minul
start ofthe meal in non-dumpers (0: n=5), dtur
meal 1 (O: n=4), and dumpers with meal 2 (F:
regression line for the results wit/i meal I is s/iou

P<O-0I).
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Fig. 5 Relations/ip between peak lieart rate and lowest
pulsatility index (PI) within one hour of the start of the meal
in non-dlumpers (0: n=5), dumpers wit/i meal I (O: n=4),
and dumpers wit/i meeal 2 (El: n=3). Pulsatility index falls
with increasing v'asodilatation.

of fluctuation during the course of the study in all
subjects. Dumpers were, however, clearly character-
ised by an exaggerated fall in pulsatility index,
indicating peripheral vasodilatation, and a marked
rise in heart rate (Fig. 5). In all seven studies in which
dumping was induced, the peak heart rate occurred
at the time of or just before the lowest recorded
pulsatility index, generally when symptoms were
particularly prominent.

Discussion

ved a degree By mimicking rapid gastric emptying in a standard-
ised manner, we have attempted to assess the contri-
bution of subsequent events to the pathogenesis of

C the early dumping syndrome. The relatively small
number of subjects risks both type I and type 11 errors
in the interpretation of the results, but several

0° inferences may be drawn.
The study has confirmed the observation that rapid

instillation of a liquid test meal into the small bowel
can induce a reaction in a proportion of normal
individuals which is indistinguishable from the early
dumping syndrome""; a small number of patients
with the early dumping syndrome given oral hyper-
tonic glucose have shown comparable changes in the
parameters assessed (results not shown). The failure

10 of guar to modify the experimental dumping
response suggests that any therapeutic effect it may

Dlucagon have is the result of retardation of gastric emptying
es fron the alone.'fnpeos with The standard explanation for early dumping
n=3). The implicates a major osmotic shift of water from the
wn (r-=086, extracellular compartment to the lumen of the small

bowel. Consequent distension is postulated to
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account for the gastrointestinal symptoms, and hypo-
volaemia for the systemic features. " There are
already reasons for doubting this hypothesis. First,
the severity of dumping is not reliably related to the
volume of hypertonic solution ingested." Second,
intravenous infusion sufficient to prevent the post-
prandial fall in plasma volume may not abolish
(systemic) dumping symptoms. Third, intravenous
somatostatin abolishes dumping"': yet by accelerat-
ing gastric emptying"' and inhibiting small bowel
absorptive function' it might reasonably be expected
to exaggerate any osmotic effect.
Our results provide further evidence against the

osmotic load hypothesis. First, the mean plasma
volume fall in non-dumpers was similar to that in
dumpers. This suggests that an exaggerated fall in
plasma volume is purely a consequence of rapid
gastric emptying, with which it has been shown to be
closely associated4' and is not a cause of dumping
symptoms. Second, the Doppler studies confirm the
previous suggestion22 23 that peripheral vasodilatation
is an integral feature of the dumping syndrome. If
volume depletion were responsible for the cardio-
vascular changes then reflex vasoconstriction might
be expected.
What clues do our results provide about the

pathogenesis of the dumping syndrome? There is no
support for the hypothesis that VIP is an important
factor, as peak concentrations were similar in
dumpers and non-dumpers, and were far lower than
are needed to show vasoactive effects."4 The striking
finding was the difference in rates of rise of glucose
and enteroglucagon concentrations between
dumpers and non-dumpers. Similar differences have
previously been shown in patients after an oral
glucose load,"s'5 but what is clear from this study.is
that these abnormal responses persist after control-
ling for the rate of gastric emptying.

Stimulation of osmoreceptors in the duodenum has
been shown to induce intestinal hypermotility,2' and
an early period of hypermotility has been shown
by various means in patients with the dumping
syndrome.222' This provides a plausible unifying
explanation for the exaggerated rates of rise of
glucose and enteroglucagon seen in dumpers.
Accelerated transit of the liquid bolus through the
small bowel might be expected to enhance the
stimulus to ileocolonic enteroglucagon release.8'2 At
the same time, exposure of a greater area of absorp-
tive surface would be predicted to enhance the rate
of glucose absorption, in particular because the
intestinal active transport mechanism for glucose
saturates at glucose concentrations an order of
magnitude lower than that used in this study."'
Interestingly, only a proportion of normal subjects
respond to intraduodenal instillation of hypertonic

solution with a regular pattern of motor activity,"'
and this could explain the fundamental difference
between dumpers and non-dumpers.

In conclusion, our observations on the early dump-
ing syndrome are inconsistent with the osmotic load
hypothesis. Intestinal hypermotility may account for
visceral symptoms of the syndrome. The mediator of
the systemic component remains to be identified;
possibilities include an unidentified ileal hormone
and a neural reflex arc.

We gratefully acknowledge the financial support of
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