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Gastric emptying after oesophagectomy as assessed
by plasma paracetamol concentrations
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ABSTRACT Gastric emptying after oesophagogastrectomy may be affected by opposing influences.
Truncal vagotomy of the orthotopic stomach, as used by surgeons for peptic ulcer, results in delayed
gastric emptying. The emptying of such a denervated stomach is affected by position and posture and
may result in gastric "incontinence", particularly if associated with drainage procedures. It is
possible that postural effects may outweigh the reduced motility if the vagotomised stomach is
transplanted into the chest as after oesophagogastrectomy. Despite the effect that disturbed gastric
emptying may have on nutrition and drug absorption there have been few studies concerning
patients who have had oesophageal resection or bypass. We report our preliminary experience of an
indirect method to estimate gastric emptying after oesophageal resection and bypass, using the
absorption profile of paracetamol (acetaminophen). This technique is safe and has been shown to
reflect gastric emptying accurately in the innervated stomach. With this technique we have shown
that, even in the absence of a concomitant drainage procedure, oesophageal resection, or bypass,
using the denervated stomach to restore alimentary continuity does not result in any detectable
delay in gastric emptying.

Excision of the thoracic oesophagus and its
replacement with a gastric tube had been performed
successfully for over 40 years' and is the favoured
operation for carcinoma of the oesophagus and
gastric cardia. Several operations have been
devised,2-5 but all have the common aim of radically
resecting the tumour-bearing area and using the
mobilised stomach to restore continuity. The block
dissection of the mediastinum must inevitably result
in a complete vagotomy. Controversy continues over
the type of drainage procedure necessary for such a
denervated stomach and whether one is necessary at
all.
Methods for measuring gastric emptying have

inherent inaccuracies or limitations.6-9 Heading et
al'0 have demonstrated the dependence of para-
cetamol (acetaminophen) absorption on gastric
emptying rate, and Nimmo et al1"'l3 have shown the
reproducibility and usefulness of this technique to
measure gastric emptying. It is safe and simple,
requiring only the administration of a therapeutic
dose of paracetamol, and the estimation of para-
cetamol concentrations in plasma. Since paracetamol
is not absorbed from the stomach but is absorbed
Address for reprint requests: Mr P Goldstraw, Brompton
Hospital, Fulham Road, London SW3 6HP.

rapidly from the small bowel, its rate of absorption
after oral administration is an indirect measure of the
rate of gastric emptying. Rapid paracetamol
absorption indicates rapid gastric emptying and slow
absorption reflects delayed gastric emptying. This
method was used to study gastric emptying after
oesophagectomy.

Patients and methods

CONTROL GROUP
Five patients without evidence of gastrointestinal
disease formed a control group. They were men
(four African, one Asian) aged 30-55 years (mean
44*4 years), convalescing after minor surgical
procedures for pleural sepsis.

STUDY GROUP
Fifteen patients who had previously undergone
oesophagectomy, oesophagogastrectomy, or pal-
liative oesophageal bypass were studied. All 15 were
given paracetamol orally and five of them were given
paracetamol by duodenal tube. All were African-
nine men aged 35 to 67 years (mean 50 8 years) and
six women aged 40 to 67 years (mean 50 0 years).
Eight patients were studied within one month, four
from one to three months and three from three
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months to two years after operation. The pylorus
had not been surgically impaired in any of these
patients. The procedures performed and the sites of
anastomoses are shown in table 1.

Table I Operation and site of anastomosis in study
groups

Site of anastomosis Resection Attempted Substernal
resection bypass
and bypass

rlow I I
Thoracic at aortic arch 9 -

C above aortic arch 2
Cervical - - 2

After an overnight fast, all patients received
paracetamol 1200 mg as 50 ml of paediatric solution
(Panadol syrup) followed by 20-30 ml of water. All
medications had been discontinued for 24 hours
before the study. No food, fluid, or tobacco14 were
allowed for three hours and the subjects remained
supine in bed during the study (it proved impractical
to dictate either lateral position).15

In the duodenal group, the nasogastric tube was
swallowed on the evening before the study and its
position in the duodenum confirmed radiologically
immediately before the study.
Blood samples were taken at intervals for 24 hours

and paracetamol concentrations were measured in
duplicate by gas liquid chromatography.16 17
Data were analysed by the Mann-Whitney U

test.18 Areas under the plasma concentration-time
curves were calculated using the trapezoid rule.

Results

Paracetamol absorption and hence gastric emptying
was normal in all control studies (table 2, figure).
The mean peak plasma paracetamol concentration
was 10-2 ± 2-4 ,ug/ml (± SE) and was achieved 60
minutes after administration. Allowing for the
differences in the dose this is comparable with that
observed in previous studies.10 12

After oesophagectomy, the mean peak plasma
paracetamol concentration was 7-5 ± 2-0 ,g/ml and
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Figure Mean plasma paracetamol concentrations after
oesophagogastrectomy.

occurred 30 minutes after administration. There was

a trend towards lower plasma concentrations than in
the control group, but at no time did the concentra-
tions differ significantly from the control group. In
particular, paracetamol absorption was faster than
has been reported in subjects receiving propantheline
or narcotic analgesics which markedly delay gastric
emptying.10'13 After duodenal instillation of para-
cetamol to patients after oesophagectomy, a mean
peak plasma concentration of 10-1 ± 1-6 p,g/ml was
achieved 30 minutes after administration. Concen-
trations did not differ significantly from those
obtained after oral administration.
The areas under the plasma concentration-time

curves from 0 to 24 hours (AUC) did not differ
significantly in the three groups. Thus bioavailability
of the drug was probably not influenced by
oesophagectomy.

Discussion

In the present study, paracetamol absorption after
oral administration was not influenced by oesopha-
gectomy and in fact did not differ significantly from
absorption after duodenal instillation. Therefore
gastric emptying was not significantly delayed by
oesophagectomy with vagotomy.

Table 2 Mean plasma paracetamol concentrations ± SE* after oesophagogastrectomy. Each subject received 1-2 g as
50 ml paediatric solution with 30 ml of water

Group Plasma paracetamol concentration (.g/ml) AUCt
0-24 hr

15 min 30 min 60 min 90 min 3 hr 5 hr 8 hr p.glml/hr

Control 0-23 7 9 10-2 8-9 6-4 5-5 3 5 48-8
n = 5 ±0-23 1-4 ±2-4 ±2-1 ±1-3 ±1-1 ±0-63 ±7-8
Oral study 3-2 7 5 7-3 6-8 5-4 4-2 2-7 38-9
n= 15 ±1-1 ±2-0 ±1-6 ±1-3 ±0-5 ±05 ±0-31 ±5-1
Duodenal study 7-1 10-1 9.5 7-4 5 7 6.1 3-2 47-7
n = 5 ±3-6 ±1-3 ±1-9 ±1-3 ±1-1 ±1-4 ±05 ±8-2

*SE = standard error.
tAUC = area under the plasma concentration-time curve.
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Although the plasma paracetamol concentrations
in the study group were slightly lower than in the
control subjects, there were no statistically significant
differences in the plasma concentrations or the areas
under the plasma concentration-time curves between
the two groups. In addition, plasma concentrations
and time of peak plasma concentrations were
similar to those previously reported in healthy
volunteers, and paracetamol absorption was
faster than that reported in subjects receiving
propantheline.10-13
Oesophagectomy had become established by the

time that Dragstedt'9 reported his early results with
vagotomy in the treatment of peptic ulcers, in which
the consequent decrease in gastric motility was
considered of therapeutic benefit. Realising that
gastric drainage was necessary after truncal vagotomy
for ulcer surgery,20 21 thoracic surgeons have
assumed that formal drainage was also necessary
after the incidental vagotomy incurred at oeso-
phagectomy.22 Current opinion 23-25 recommends a
drainage procedure with oesophagectomy, but there
are reports where gastric emptying is satisfactory on
clinical evaluation and formal testing20f 27 in the
absence of any drainage procedure. In the reported
series the pylorus has been left inviolate if
normal,26 27 subjected to digital dilatation,4 28
pyloromyotomy,3 29-31 or formal pyloroplasty.22 32 33
All would agree that drainage is necessary if the
pylorus is scarred as a result of chronic ulceration.
On theoretical grounds it would appear that, at

best, drainage is unnecessary, and may be harmful.
McKelvey34 coined the term "gastric incontinence"
to describe the rapid emptying of the denervated
stomach in the erect position. This effect has been
confirmed by others35-37 and may be caused by
increased basal tone, impaired receptive re-
laxation,37 38 or loss of the duodenal brake to
gastric emptying.34 After oesophagectomy the
denervated stomach is suspended within the chest
and drainage would be expected to be rapid. This is
supported by the experimental work of Shapiro et
a139 and by clinical study.27 The performance of an
unnecessary drainage procedure may predispose
to reflux of duodenal juice40 resulting in a high
incidence of gastritis, gastric erosions, and reflux
oesophagitis38 which are otherwise unusual findings
after oesophagectomy without drainage.27-40 It is
feasible that suspending the denervated stomach
within the chest, as after oesophagectomy, may
exert a postural effect which to a greater or lesser
degree may cancel out the known neural effects of
vagotomy on gastric emptying.
The differential emptying rate of liquids and solids

from the normal stomach is effected by the antrum,41
remains independent of the rate of gastric emptying

2

and unaltered by pyloroplasty,42 and persists after
vagotomy.43 Oesophagectomy for low lesions is
accompanied by proximal gastrectomy and this
portion of the stomach is concerned principally with
the liquid phase of gastric emptying.6

Gastric emptying in the normal subject is known
to be influenced by drugs" 12 or illness1213 with
consequences on drug absorption. The effect of
vagotomy on small bowel absorption and motility is
as yet unknown, but such studies as are available
suggest there is little change in small intestinal
absorption.44 Despite the conflicting theoretical
considerations and the permanency of pyloric
drainage, there are few studies of gastric emptying
after oesophagogastrectomy and none concerned
with the effect of disordered gastric emptying on drug
absorption.

Conclusion

In this pilot study using an indirect assessment of
gastric emptying of a small volume of liquid,
oesophagogastrectomy did not markedly influence
gastric emptying up to two years after operation.
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Hospital and Miss Margaret Toland, Cardiothoracic
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