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Antral motility in patients with cirrhosis with or

without gastric antral vascular ectasia

J Charneau, R Petit, P Cales, A Dauver, J Boyer

Abstract
Gastric motility has not been extensively
studied in patients with cirrhosis and
gastric antral vascular ectasia (GAVE)
may be associated with antropyloric dys-
function. This study therefore looked at
antral motility using ultrasound in
patients with alcoholic cirrhosis with or

without GAVE. Twenty six patients were

included: 10 patients with cirrhosis with-
out GAVE, eight patients with cirrhosis
and GAVE, and eight controls without
liver disease. Measurement of antral area

and antral contractions (amplitude and
frequency) was performed for three hours
after ingestion of a standardised solid-
liquid meal. Antral area half time (mean
(SD)) was not significantly increased in
patients with cirrhosis without GAVE (84
(42) mmi) but increased by 120% (123 (43)
min; p<0.01) in patients with GAVE com-

pared with controls (56 (26) min). GAVE
patients exhibited the same frequency and
amplitude of antral contractions at each
time point as controls and had the same

tendency to increase these values over

time although this was attenuated in the
late postprandial phase. In contrast,
cirrhotic patients without GAVE exhib-
ited a significantly higher frequency and
amplitude of antral contractions during
the initial postprandial phase but showed
no change in ei-ther frequency or ampli-
tude over time. In conclusion, in cirrhosis
there is an abnormal antral motor
response to a meal, which has a different
pattern over time in patients with or with-
out GAVE.
(Gut 1995; 37: 488-492)
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The effects of portal hypertension and cirrhosis
on gastric emptying and antral motility have
not been well documented. Some changes
in gastric emptying and antral motility have
been described, however, in patients with
cirrhosis. -3 Reilly et al reported the acceler-
ated gastric emptying ofboth liquids and solids
in rats with prehepatic portal hypertension.4

Gastric antral vascular ectasia (GAVE) is a
diffuse mucosal abnormality restricted to the
gastric antrum, and is seen in 3% of patients
with cirrhosis.5 This disorder was precisely
described at endoscopy: red stripes located in
the antrum radiating onto the pylorus.
Most cases resemble 'the stripes on a water-

melon',6 but the appearance can be confluent

and diffuse without longitudinal rows.7 The
histopathological characteristics consist of
dilated tortuous mucosal capillaries with focal
thrombosis, and fibromuscular hyperplasia.8
GAVE has a tendency to bleed and is respon-
sible for severe iron deficiency anaemia.6 7 The
pathogenesis is not well known but abnormal
antropyloric motility is suspected.6
The aims of this study were: (a) to evaluate

the antral motility and area in patients with cir-
rhosis, (b) to compare these abnormalities in
patients with cirrhosis with and without
GAVE.

Methods

Patients
Between January 1993 and July 1993 a total of
26 consecutive patients were included in this
study and divided in three groups. The first
group included eight patients with alcoholic
cirrhosis and GAVE. The second consisted of
10 patients with alcoholic cirrhosis but without
GAVE. The diagnosis of cirrhosis was based
on liver biopsy or clinical data, or both. An
alcoholic aetiology was accepted when alcohol
consumption had been greater than 80 g/day
for the past five years and no other cause was
evident. Patients with cirrhosis had no ascites.
The diagnosis of GAVE was based on gastro-
scopic appearance,8 and diagnosis was
confirmed histologically.9 Gastroscopic exami-
nation was performed within one month before
inclusion in the study. None of the patients
had overt gastrointestinal bleeding or had had
oesophageal variceal sclerotherapy. The third
group included eight control patients without
chronic liver disease, without GAVE, and with
no known history of gastrointestinal disease.
The absence of liver disease was defined by
normal liver function tests and the absence of
a previous history of liver disease. These
patients did not drink alcohol to excess. There
were two healthy subjects, three patients with
choledocholithiasis, one with diverticular
disease of the colon, two with depression
syndrome. This study was approved by the
local medical ethics committee (CCPPRB of
Angers) on 10 November 1992, informed
written consent was obtained from each
patient.

Bioclinical determinations
Gastrin and serotonin serum concentrations
and blood haemoglobin values were deter-
mined in all patients after an overnight fast.
The Child-Pugh score was determined in
patients with cirrhosis.
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Ultrasound study
Ultrasound examinations were performed
with a 5 MHz sound probe (Toshiba) before
and 2, 15, 30, 60, 90, 120, 150 min after a
standard solid-liquid meal containing 2000
kcal consisting of 20% protein, 55% carbohy-
drate, and 25% lipid (2 eggs, 50 g ofbeef liver,
1 cup of coffee with 5 g of sugar, 150 ml of
orange juice, 2 slices of toast and 20 g of but-
ter). None of the patients had received drugs
that affected gastrointestinal motility, alcohol
or tobacco for 48 hours before and during the
examination. The meal was ingested in less
than 10 minutes by all patients. All the
patients were examined in the upright position
while the probe was positioned vertically to
simultaneously visualise the antrum, the
superior mesenteric vein, and the aorta. These
vessels served as landmarks to standardise the
position of the scan. This scan was used to
identify the antral area, the frequency and
amplitude of antral contractions. The scan
was recorded on a videotape for two minutes
at the above mentioned periods, except at two
minutes. All examinations and measurements
were performed by one investigator who was
unaware of the group.

Antral area
The antral area was calculated by measuring
the longitudinal (L) and anteroposterior (P)
diameters of the antral area, and using the
formula fTL.P/4.10 The measurements were
performed between two antral contractions,
and during expiration while the patients
stopped breathing. Besides absolute values and
to avoid individual variability of the basal
gastric antrum size, modifications of the antral
area induced by the standard meal were calcu-
lated in terms of antral area ratios (ratios
between the area at fixed time intervals and the
basal value) and then transferred to a curve as
a function of time. This ratio represents the
degree of dilatation of the gastric antrum at
each of the above mentioned periods, except at
two minutes. In this ratio, the basal value was
calculated by subtracting the antral area mea-
surement before the meal to the antral area
measurement at two minutes after the meal
using a method described elsewhere." This
corresponded to 1 00% of the retained meal.
Thus the antral area ratio at time X was
calculated according to the formula:
(Sx-So)/(S2-So) where So, S2, Sx are antral
area respectively at time 0, 2, and X minutes.
Antral area half time was calculated as the time
when the degree of dilatation of the antral area
corresponded to half the basal value.

Clinical and biochemical data

Sex Age Child-Pugh Gastrin Serotonin Haemoglobin
No M/F (y) score (ng/ml) (ng/ml) (dgll)

Control 8 4/4 54 (19) NA 53 (17) 65 (36) 14-1 (1-2)
Cirrhosis 10 8/2 49 (12) 7-4 (1-5) 48 (21) 56 (32) 11-8 (3.0)
GAVE 8 8/0 67 (6) 7-9 (1.9) 127 (196) 196-5 (335) 10.0 (2-1)
p Value NS <0.05* NS NS NS <0 05t

GAVE: cirrhotic patients with gastric antral vascular ectasia. *Cirrhosis v GAVE (pair wise post
hoc comparison). tGAVE v controls (pair wise post hoc comparison).
Data shown as mean (SD). NA=not applicable.

Anterior antral wall thickness
Measurements were taken during evaluation of
the antral area before the meal. The anterior
antral wall was identified by a thin hypoechoic
outer layer corresponding to the muscle coat,
bounded by a peripheral echogenic layer
corresponding to the serosa.

Antral contractions
The frequency of the antral contractions was
defined as the number of contractions during a
two minute interval recorded after the meal.
The amplitude of the antral contractions was
measured when the reduction of the antral area
was maximal. It was expressed by AA/A where
AA=the difference between the value of the
relaxed and contracted area, and A the value of
relaxed area.

Statistical analysis
All quantitative variables were expressed as
mean (SD) values (unless otherwise speci-
fied). The means were compared with one
way analysis of variance followed by pair
wise post hoc comparisons. In the case of
significant heterogeneity of variance, a
Kruskall-Wallis test was used. These tests
were used for comparison of clinical and bio-
chemical data, and ultrasound results. The
paired t test was used to compare the ultra-
sound results at 15 minutes and other times in
each group. Correlation was tested using
Spearman's test. A p value <0 05 was con-
sidered significant.

Results

Clinical and biochemical data
Age in GAVE patients was higher than in
patients with cirrhosis without GAVE
(Table). There was no significant difference
between the three groups for serotonin or gas-
trin serum concentrations. As expected, blood
haemoglobin values were significantly
decreased in patients with cirrhosis with
GAVE (Table).
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Figure 1: Distribution ofsingle values of the antral area
hay time in controls, cirrhotic patients, and GA VE
patients. Vertical bars denote mean (SD).
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Figure 2: Antral area as a function of time in the three groups. Data are plotted as n
absolute values, the vertical bars represent the SEM. There was no significant differe
between the three groups. Asterisks denote significant difference within each group, ti
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antral contractions was only significantly
increased in the first half hour in patients
with cirrhosis without GAVE compared with
controls (Fig 4).
The amplitudes of antral contractions were

fairly stable as a function of time with only a
weakly significant and late increase in GAVE

AVE patients (Fig 5). Amplitudes were higher in
patients with cirrhosis without GAVE but this

rrhosis was only significant at 30 minutes.
introls For the whole group of patients, there were

no correlations between age or blood haemo-
globin value on the one hand and antral area
half time or contractions parameters at any
time point on the other hand.

In GAVE patients, antral wall thickness (4.3
(1 9) mm) was not significantly increased com-

mean pared with controls (313 (0.5) mm) or with
ences patients with cirrhosis without GAVE (319
he (1) mm).

Ultrasound determination data Discussion
Antral area half time was not significantly To our knowledge, this is the first study that
increased (86 (42) min) in patients with cir- evaluates antral motility in patients with cir-
rhosis without GAVE, and significantly rhosis with or without GAVE. Ultrasound is
increased by 120% (123 (43) min; p<00l) considered an easy, safe, and non-invasive
in GAVE patients compared with control technique to quantify gastric emptying, by
subjects (56 (26) min) (Fig 1). measuring the cross sectional area of the
The antral area, and the amplitude and gastric antrum.10-13 The validity of this

frequencies of antral contractions as a function method was confirmed in healthy subjects by
of time in the three groups are shown in Figs 2, comparison with scintigraphy, which repre-
3, 4, and 5 respectively. Comparisons were sents the gold standard method.10 The correla-
made between the three groups at each time tion with scintigraphy also seems to be greater
point and within each group as a function of for the liquid phase emptying of the gastric
time (the time of reference was 15 minutes content than for the solid one. Other authors
unless otherwise specified). These results can have studied antroduodenal motility using
be summarised as follows. ultrasound'46 and the proximal duodenal in a
The reduction in antral area was significantly single plan.

less during the whole study period (since the However, there are certain problems with
motor response was delayed) in GAVE patients ultrasound. It is time consuming, subcu-
compared with other patients (Figs 2 and 3). taneous fat and bowel gas may change the
The results of antral area expressed as absolute picture, and patients must stay in an upright
values (Fig 2) or ratios (Fig 3) were similar. position to use the 'acoustic window' of the

There was no significant variation in the descending left lobe of the liver, and to dis-
frequency of antral contractions in patients place the interposed intestinal loops. As a
with cirrhosis whereas they were significantly solid-liquid meal was used, it was difficult to
more frequent in controls in the second 90 visualise the antrum, pyloric channel, and
minute phase. Moreover the frequency of the proximal duodenum in a single section.

Consequently, coordinated antroduodenal
)o 1l contractions and transpyloric fluid movements
30- \ a were not evaluated.bo Patients with cirrhosis and GAVE were
30 lv T \\ | * | * older, which probably results from the natural

7ow \ \ r \ c history as this condition is found in older
\1- \ I |* patients with cirrhosis.'7 The lack of correla-

°0 - tion between motility variables and age should

so - LGAVE be emphasised when interpretating results.
0 ***ITheresults of antral motility in the controls in

t0o Cirrhosis this study, were similar to those reported in

30* Controls healthy subjects by Houghton et al.'8 These
authors have shown a higher frequency of

115, , , , , , " coordinated antroduodenal events during
0 15 30 60 90 120 150 180 the second postprandial hour compared with

Time (min) the first postprandial hour after ingestion of
3: Dilatation ofgastric antrum from gastric antral area ratio as a function of time 300 ml of milk. In our study, GAVE patients
three groups. Data are plotted as mean percentage, the vertical bars represent the exhibited the same postprandial pattern of
Letters denote significant differences between groups. ap<o.Os v control subjects; antral contraction frequencies and amplitudes
05 v control subjects and cirrhotic patients; cp<o.Os v cirrhotic patients. Asterisks as contro loreoversignificant difference within each group, the reference being 15 minutes: *p<005, as controls. Moreover, antral area was signifi-).01, ***p<O0OOI. cantly higher in GAVE patients than in

9
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Figure 4: Frequency (no/2 min) curves of antral contractions
groups. Data are plotted as mean, the vertical bars represent t
significant differences between groups. ap<o-05 v control subj£
significant difference within each group, the reference being 15
**p<001.
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Controls The cause of this dysfunction is uncertain.
Controls Vagal nerve increases and regulates antroduo-

denal motility by the release of acethylcholine.
Thus, denervation of the digestive autonomic
nervous system may occur and cause a loss of

Cirrhosis propulsive and coordinate activity. Pyloric
tone is almost entirely dependent on the sym-

GAVE pathetic nervous system. In chronic liver
disease patients, an autonomic cardiovascular
neuropathy has been described and was associ-
ated with a significantly worse follow up, inde-
pendent of hepatic damage.20 This neuropathy
was not alcoholic related because it was as
common in patients with alcohol related liver
disease as those without. Moreover gastric

120 150 180 emptying was not changed in alcoholic patients
without cirrhosis compared with healthy

in relation to time in the three controls.21 Therefore autonomic neuropathy
he SEM. Letters denote might result from ultrastructural or bio-
ects. Asterisks denote chemical changes in smooth muscular or

enteric nerves. Vasoactive intestinal peptide
receptors and opiate receptors are found in the

olated pyloric pressure normal pyloric area. Naloxone can inhibit
ced gastric emptying by pyloric pressure waves induced by duodenal
ting flow through the acidification,22 and has also been shown to

inhibit delayed gastric emptying induced by a
atients with cirrhosis kappa opiate receptor agonist in the dog.23 The
ed a different pattern increase in the endogenous opioid peptides
gnificantly higher fre- described in cirrhosis24 could contribute to
of antral contractions antral motor abnormalities. Moreover, if

prandial phase but no changed antropyloric motility is confirmed in
quency or amplitude patients with cirrhosis, naloxone analogues
of study. Moreover, the may represent a new therapeutic modality for
was similar to controls. this dysfunction.
uncoordinated antro- The pathogenesis ofGAVE is poorly known.

ty with a decreased It has been suggested that GAVE may repre-
have occurred. sent an antral lesion acquired from repeated
tudied gastric motility antral mucosal trauma, like in pyloric prolapse
.ts with cirrhosis. Using syndrome.6 Suit et al noted that fibromuscular
d, Suyama et a12 and hyperplasia resembled gastrointestinal lesions
mn that gastric emptying acquired from repeated mucosal trauma in
ntly higher in patients stomas and areas of intussusception such as
ontrols. Mansurov and rectal prolapse syndrome.25 Our study sup-
patients with cirrhosis ports this hypothesis.
.lectrogastrograms after Moreover, the endoscopic characteristics
ric wall compared with such as longitudinal antral folds converging on
ta et al3 did not find the pylorus seen in the watermelon stomach
rastric emptying after a also support this hypothesis.67 Jabarri et al
vith cirrhosis compared showed that the muscular layer in the pyloric

region was thickened on a cross section of an
antral specimen. Our study showed, however,
that antral wall thickness was not significantly

l i gincreased in GAVE patients compared with
Cirrhosis other groups. There was a tendency towards
Controls increase, however, so the lack of difference
GAVE might result from a type II error.

Other mechanisms such as changed enteric
* * hormones and peptides may also be involved.

Quintero et al5 have found that gastrin serum
concentrations were significantly increased in

90o 120 150 180 patients with cirrhosis and GAVE. Gostout
me (min) et al7 saw that serum gastrin was increased in
f antral contractions in 76% of patients with GAVE. Gastrin increases
^oups. Data are plotted as both the contractility of the antrum and pyloric
ent the SEM. Letters denote and duodenal contractility and pressure, this
Lgroups. ap<O.05 v control resulting in impeded emptying.26 Lowes and
the reference being 15 Rode27 reported a case ofwatermelon stomach

in a patient whose resected stomach showed
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chronic atrophic gastritis with intraepithelial
neuroendocrine proliferations containing large
quantities of 5-hydroxytryptamine and vasoac-
tive intestinal polypeptide. They suggested that
vasodilatation may be a consequence of
mediators released from proliferated neuroen-
docrine cells. In our study, gastrin and sero-
tonin serum concentrations were not
significantly increased in GAVE patients com-
pared with other groups. The apparent
increase in GAVE patients (serotonin: X3.5,
gastrin: X2*6) resulted from a few patients,
thus a type II error cannot be completely ruled
out.
We are indebted to Professor Arhan for his suggestions. This
study was supported by the C H U d'Angers.
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