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Background and aims: Our aim was to study intragastric volume and distribution of a liquid meal in
patients with reflux oesophagitis using three dimensional ultrasonography.
Methods: Twenty patients and 20 healthy controls underwent ultrasonographic measurements of the
stomach using a position sensor based on magnetic scanhead tracking for acquisition of three dimen-
sional images. In vivo accuracy of the method was evaluated by scanning a soup filled barostat bag
positioned in the proximal stomach of six healthy subjects.
Results: In the volume range 100–700 ml, our three dimensional system showed excellent correlation
(r=0.99) between estimated and true volumes (limits of agreement −3.4 to 11.0 ml) and a low inter-
observer variation (limits of agreement −10.9 to 6.7 ml). After ingestion of a 500 ml meat soup meal,
patients with reflux oesophagitis revealed a larger volume of the total and proximal stomach at two and
10 minutes (p=0.05; p=0.01, respectively), and an increased proximal/distal intragastric volume ratio
at 10 minutes (p=0.04). Patients also experienced more epigastric fullness than controls (p=0.0006).
Conclusions: The present three dimensional ultrasound system showed excellent agreement with true
volumes and low interobserver variation. Soon after a liquid meal, patients with reflux oesophagitis
have abnormal pooling of the ingested liquid in the proximal stomach.

Gastro-oesophageal reflux disease (GORD) is a multifac-
torial disease caused by abnormal exposure of the
oesophagus to the gastric contents.1 Gastric distension

is one of the mechanisms that may contribute to postprandial
gastro-oesophageal reflux,2–4 and recent studies have sug-
gested abnormal proximal gastric motor function in patients
with reflux oesophagitis. In one study, the gastric pressure
response to distension was reduced in fasting patients with
GORD.5 Others, using a gastric barostat, have reported
postprandial gastric relaxation to be abnormally pronounced6

or prolonged.7 8 Scintigraphic studies have showed delayed
gastric emptying in a subgroup of GORD patients.7 9 10 In a
previous study using transabdominal two dimensional real
time ultrasonography in patients with reflux oesophagitis, we
found a larger sagittal area of the proximal stomach associated
with the perception of epigastric fullness soon after a meal.11

Both the barostat and ultrasonographic results suggested an

abnormal gastric accommodation to a meal in patients with

GORD.

Barostat studies measure gastric tone, from which one can

infer information on gastric accommodation. However, nei-

ther barostat nor scintigraphy can assess gastric volumes

postprandially. Scintigraphic methods do not allow determi-

nation of intragastric volume. Using three dimensional ultra-

sound with a magnetic scanhead tracking system, Gilja and

colleagues12 showed excellent in vitro accuracy in volume esti-

mation of porcine stomach volumes, and calculated gastric

emptying rates of a healthy human stomach more precisely

than by two dimensional ultrasound.

The objective of this study was to investigate more precisely

intragastric volume and distribution of a liquid meal in

patients with reflux oesophagitis using this new non-invasive

three dimensional ultrasound method.

MATERIALS AND METHODS
Patients
The study group consisted of 20 consecutive patients (seven

men and 13 women) with chronic heartburn in whom a diag-

nosis of reflux oesophagitis had recently been made at endos-

copy. None of the patients were using H2 receptor antagonists

or proton pump inhibitors. Twenty healthy controls (seven

men and 13 women), mainly from the staff at the hospital,

were recruited as a control group. Patients had a slightly

higher body mass index (BMI) than healthy controls

(p=0.003); otherwise the groups were comparable (table 1).

Six healthy subjects (two men and four women; mean age 29
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Abbreviations: BMI, body mass index; CV, coefficient of variation;
GORD, gastro-oesophageal reflux disease; POM, position and
orientation measurement; VAS, visual analogue scale.

Table 1 Demographic data for healthy controls and
patients with mild or moderate reflux oesophagitis
scanned using a three dimensional ultrasonographic
system

Healthy
subjects Patients p Value

No patients 20 20 NS
Male/female ratio 7/13 7/13 NS
Age (y) (mean (range)) 43 (27–62) 42 (25–57) NS
Weight (kg) (mean (SD)) 69.9 (12.3) 83.2 (8.9) 0.0004
Height (cm) (mean (SD)) 171.8 (10.0) 176.2 (9.4) NS
Body mass index (kg/m2) 23 (19–28) 27 (20–38) 0.003
Oesophagitis grade I/II — 14/6 —
Hiatal hernia (n) — 10 —
Mean length of hiatal hernia (cm) — 2.9 —
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years, range 23–41) were included for in vivo validation of the

method (see below).

Reasons for exclusion from the study were finding of a hia-

tial hernia larger than 5 cm, signs of disease other than reflux

oesophagitis grade I or II (for example, scleroderma,

peptic stricture, serious systemic or suspect malignant

disease, previous gastric surgery, previous peptic ulcer

disease, Helicobacter pylori infection, alcoholism, disease of the

liver, pancreas, and bile ducts), pregnancy or nursing women,

or need for drug therapy that might influence gastric motor

function.

Endoscopy
The severity of macroscopic oesophagitis was graded accord-

ing to the Berstad classification as follows: 0, normal; I, red

streaks or spots along the ridge of the mucosal folds, with or

without fibrinous exudate; II, broded lesions, each involving

the entire width of a fold or coalescing into fields of erythema,

with or without fibrinous exudate; III, stricture or endoscopi-

cally visible ulcer in the distal esophagus.13 Grade I is equival-

ent to Los Angeles classification A and B, whereas grade II is

equivalent to grades C and D. A hiatal hernia was defined as

gastric folds seen at least 2 cm above the diaphragm. H pylori
status was established by rapid urease test.14

Three dimensional ultrasound
The three dimensional imaging system consisted of a

commercially available ultrasound scanner (System Five, GE

Vingmed Ultrasound, Horten, Norway) with a built in magne-

tometer based position and orientation measurement (POM)

device (Flock of Birds Model 6D FOB; Ascension Technology

Corp., Burlington, Vermont, USA). The POM system is based

on a transmitter, which produces a spatially varying magnetic

field, and a small receiver containing three orthogonal coils to

sense the magnetic field strength.15 A detailed description of

the POM system and the calibration procedure has been

reported previously.12 A 3.5 MHz broadband curvilinear trans-

ducer was used with the snap-on POM sensor firmly attached

to it. Data storage was first done on System Five and at the end

of examination was transferred to a 1.3 GB magnetic optic

disk via a standard ethernet network. Data processing was

done on a Windows-NT version 4.0 workstation (Compac Pro-

line 100 MHZ Pentium, San Jose, California, USA) equipped

with 64 MB RAM.

Protocol
Patients returned for ultrasound scanning within seven days

after endoscopy. Smoking was not allowed before the

examination, which was done between 8.00 am and 10.00 am

after an overnight fast. Participants were scanned while

sitting in a wooden chair, leaning slightly backward at an

angle of 120° between the thighs and the spine. The end of

soup ingestion was defined as time zero, and scanning was

performed postprandially immediately after a four minute

ingestion period of the test meal, and after 10, 20, and 30 min-

utes. Occurrence of antral contractions was observed for at

least three minutes before ingestion of the test meal to evalu-

ate whether the subject’s interdigestive migrating motor com-

plex was in phase III (regular contraction with a frequency of

3/min). If phase III was observed, ingestion of the test meal

was postponed until phase I (quiescence) was again observed.

Test meal
A commercial meat soup (500 ml of Toro clear meat soup; Rie-

ber & Søn A/S, Bergen, Norway) which contains 1.8 g protein,

0.9 g fat, and 1.1 carbohydrate (20 kcal) at a temperature of

37°C was ingested over a period of four minutes (during ultra-

sound scanning). The pH of the soup was between 5.4 and 5.7

and osmolarity was 350 mosmol/kg H2O. The soup meal

induced antral contractions at a frequency of 3/min (fed state)

in more than 85% of patients with functional dyspepsia and

healthy controls.16 17

Data acquisition
Using this three dimensional system, only one investigator

(ST) was needed to perform all of the procedures, and to scan

and run the image workstation. The depth of scanning was

adjusted to fit each individual’s body, with an average of 20

cm. The stomach was scanned at the end of normal expiration

using a standardised scanning pattern, starting in the

proximal end where the transducer was positioned by the left

subcostal margin and then moved distally to the gastroduode-

nal junction. If a gastric contraction was observed, scanning

was paused until the contraction wave passed the position of

the image sector. For each scan, approximately 60–70

ultrasound images were stored, with a scan typically lasting

6–7 seconds. The stored images were then transferred to the

magnetic optic disk. To assess the problem of air pockets in the

stomach, the visible amount of air was graded as: 0, visible air

in the fundus; 1, small amounts; 2, moderate amounts; and 3,

great amounts of air, necessitating exclusion from the study.

Volume estimation
For volume estimation, we used a designated software

package with rendering and volume estimation capability

(EchoPAC-3D; GE Vingmed Sound, Horten, Norway).18 The

program accepted three dimensional image data acquisition

with both mechanically controlled probes and freehand

movement using the integrated POM system. On the worksta-

tion, the raw data (original scanplanes) were used for volume

estimation. The volume estimation algorithm was previously

evaluated and demonstrated good agreement with true in

vitro volumes and in vivo magnetic resonance imaging

volumes, as well as low intra and interobserver errors.12 19 20 In

the volume reconstruction windows, the end point of the

organ was carefully marked and closed, thereafter the outer

contour of the organ of the middle frames were traced. The

inner echogenic layer of the stomach, corresponding to the

interface between the soup and the mucosa of the gastric wall,

was outlined.21 For intermediate frames, the program is capa-

ble of drawing contours automatically generated by a triangu-

lation technique.20 Manually traced organ contours automati-

cally upgrade the intermediate frames and also the volume

estimate. The examiner can therefore by visual inspection

check if the manually drawn and automatically generated

contours give a satisfactorily representation of the stomach,

and if necessary add new manually drawn contours. An aver-

age of 18–25 tracings were needed to complete the stomach’s

contour through the 60–70 frames. Anyplane window was

used to check the accuracy of the contours in planes 90° to the

plane used for manual tracing. From a three dimensional

reconstructed stomach, the proximal and distal parts were

separated by a vertical slice from the incisura angularis at the

lesser gastric curvature sagittally towards the greater curva-

ture. In cases where it was impossible to find the incisura

angularis, the decision as to where to separate the distal from

the proximal stomach was made during data analysis. The

most proximally observed antral circular outline corresponds

to the vertical division of the incisura angularis. The time

needed for manual tracing and one volume estimation of the

whole stomach was approximately 10–15 minutes. This proce-

dure was performed on the workstation four months after the

scanning was done and the investigator was blinded to the

participant’s identity and to the order of the images.

In vivo validation
A bag similar to that used for barostat studies was utilised for

in vivo validation of the three dimensional ultrasound system.

The bag had a maximal volume of 750–800 ml and was sealed
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to the end of a 120 cm long 16 F diameter single lumen poly-

vinyl tube. The length of the empty bag measured 20 cm and

maximum diameter was 22 cm. The deadspace of the tube had

a volume of 10 ml. After removing the air, the bag was folded

around the distal end of the tube and smeared with lidocaine

gel before it was introduced orally into the stomach. Subjects

received only local anaesthesia (lidocaine) applied to the

oropharynx and no sedation. After introducing the bag into

the stomach, it was unfolded by injecting 700 ml of air manu-

ally through the tube and pulling it until resistance was

observed. In this way the bag was positioned in the proximal

stomach just inferior to the diaphragm. After placing the bag

in the proximal stomach, the air was removed. To prevent the

air coming into the bag, the tube was clamped at the top end.

Using a syringe, in steps of 100 ml, up to 700 ml of meat soup

were instilled into and subsequently aspirated from the baro-

stat bag before each three dimensional scan took place. After

the last scan at 100 ml, the bag was removed and controlled to

confirm that no leakage had occurred. Each subject was

scanned twice.

Symptom evaluation
Subjects were asked to score abdominal symptoms using a

visual analogue scale (VAS) for each symptom (pain, discom-

fort, nausea, epigastric fullness and hunger, or satiety).22–24

Scoring was done on a 10 cm long line where 0 denotes no

symptom present and 10 cm an intolerable symptom.

Registration was performed immediately before the meal and

five minutes after the meal. Patients were asked to score the

actual state of their symptom perception.

Statistics
All calculations and graphic designs were performed using

commercially available computer software (Graphpad Prism;

GraphPad software Inc, San Diego, California, USA). Measure-

ments are given as mean (SD) if not otherwise stated. If the

data appeared normally distributed, the Student’s t test with

two sided probabilities was used to compare the statistical

significance of differences and the distribution of data

between groups. If the data were not normally distributed, a

non-parametric test was applied. As an initial measure of

association between estimated and true volume of the

barostat bag, Pearson’s correlation coefficient was determined.

Limits of agreement were estimated as suggested by Bland

and Altman.25 The per cent error of the measurements was

defined as ((estimated volume−true volume)/true vol-

ume)×100%. Linear regression analysis was applied to

estimate gastric emptying rates and half emptying times. A p

value <0.05 was chosen as the level of statistical significance.

Ethics approval
The study was approved by the regional ethics committee and

was conducted in accordance with the revised Declaration of

Helsinki. All volunteers gave written informed consent to par-

ticipate.

RESULTS
The magnetic position sensor and transmitter system for

acquisition of three dimensional ultrasonograms was applica-

ble for in vivo imaging of the human stomach. Neither the

transmitter nor the scanhead sensor mount and wiring inter-

fered with the scanning procedure.

In vivo validation
A total of 156 three dimensional images were recorded. Due to

crossing of manually traced organ contours, difficulties in

upgrading of the intermediate frames, or poor image

visualisation a total of eight of 156 images (5.1%) were

excluded. The three dimensional system yielded an excellent

correlation (r=0.99; p<0.0001) between true and estimated

volumes. There was no correlation between true volumes and

absolute values of the difference between estimated and true

volumes (r=−0.29; p=0.34) or interobserver difference

(r=−0.22; p=0.47). The mean difference between true and

estimated volumes was 3.8 (3.6) ml and the limits of

agreement were −3.4 to 11.0 ml in the range 100–700 ml (fig

1). The error over the entire volume range was, on average, 1.6

(1.5)%. The average interobserver difference of the estimated

volume was −2.1 (4.4) ml, and the limits of agreement were

−10.9 to 6.7 ml. There was no significant difference between

the estimated volumes of the three dimensional images

obtained by four different operators.

Scanning of patients and healthy controls
None of the patients or healthy controls was excluded due to

air pockets in the gastric fundus, technical difficulties, or

symptoms. Due to crossing of manually traced organ contours,

difficulties in upgrading of the intermediate frames, or poor

image visualisation, a total of six of 80 images (two after 10

minutes, one after 20 minutes, and three after 30 minutes)

from healthy controls and two of 80 images (two after 20

minutes) from patients were excluded. Prior to soup ingestion,

no fluids were visualised in the proximal stomach in patients

or controls when seated. Postprandially, during the scanning,

gastric contractions were not observed in the image sector. In

two patients it was impossible to find the incisura angularis

and the decision as to where to separate the distal from the

proximal stomach was made during data analysis. A total of

eight patients (three grade 2 and five grade 1) and five healthy

controls (two grade 2 and three grade 1) had visible air pock-

ets in the gastric fundus.
The presence and degree of air pockets in the gastric

fundus, separation of the distal from the proximal stomach, or
exclusion of images due to poor image visualisation did not
significantly influence the results. The greater BMI in the
reflux patients could presumably create difficulties for
ultrasound scanning. However, we found no differences in the
applicability of our three dimensional method between
patients and controls.

Gastric volumes and emptying
Reflux oesophagitis patients revealed a larger volume for the

total and proximal stomach at two minutes (p=0.05 and

p=0.03, respectively) and at 10 minutes (p=0.01 and

p=0.006, respectively) postprandially compared with healthy

controls (table 2, fig 2). Intragastric distribution of the liquid

meal, expressed as proximal to distal volume, ranged on aver-

age from 6.1 (3.2) to 2.9 (2.9) in patients, and from 5.0 (2.3)

to 3.9 (4.8) in healthy controls at two and 30 minutes

postprandially, respectively. At 10 minutes, there was signifi-

cant increased pooling of the meal in the proximal stomach in

patients compared with healthy controls postprandially (4.8

(2.9) v 3.2 (1.5); p=0.04)
Variability (coefficient of variation, CV) in total gastric vol-

umes in patients with reflux oesophagitis was in the range

Figure 1 Plot displaying limits of agreement in volume estimation
by ultrasonography and magnetic scanhead tracking of a barostat
bag within the stomach of six healthy volunteers. The mean
difference was 3.8 ml and the limits of agreement were −3.4 to 11.0
ml in the volume range 100–700 ml.
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21% (two minutes) to 46% (30 minutes), showing increasing

variability with emptying time (r=−0.99; p=0.005 between

CV and mean time volume), while in healthy controls it was in

the range 16% (two minutes) to 46% (30 minutes), also show-

ing similar increasing variability with emptying time

(r=−0.99; p=0.009 between CV and mean time volume). The

average half emptying time of this liquid meal was 20.8 (5.2)

minutes for the patient group and 21.2 (9.9) minutes for con-

trols (p=0.88).

Symptoms
Preprandial pain and discomfort were slightly but signifi-

cantly more pronounced in patients than in controls. In the

postprandial period, both groups experienced epigastric

fullness but significantly more so in patients (table 3).

Comparison of delta values (post minus preprandial scores)

for epigastric fullness showed a significant difference between

the two groups (p=0.02). There was no significant correlation

between postprandial epigastric fullness and proximal stom-

ach volume. None of the patients experienced heartburn dur-

ing the experiment.

DISCUSSION
In this study, three dimensional ultrasound imaging was used

for the first time for investigation of intragastric volume and

distribution of a meal in patients with reflux oesophagitis.

Compared with healthy controls, patients revealed a larger

volume of the proximal stomach at two and 10 minutes, and

showed an abnormally high proximal/distal stomach ratio 10

minutes after the meal. Patients also experienced more

epigastric fullness after the meal than healthy controls. These

patients had, on average, a greater BMI than healthy controls.

However, postprandial fullness, proximal gastric volume, or

intragastric distribution were not correlated with BMI. Hence

we do not believe that differences in BMI can explain the dif-

ferences in postprandial fullness and volumes between

patients with GORD and healthy controls. Neither was the

degree of oesophagitis or the presence of a hiatial hernia

related to the above results.

Consistent with our finding, Penagini and colleagues7 found

abnormal retention of a liquid meal in the proximal stomach

of patients with reflux oesophagitis using scintigraphy even

though overall gastric emptying was normal. The mechanisms

responsible for retention of the meal in the proximal stomach

in patients with reflux oesophagitis may be related to

abnormal wall relaxation, as shown by the gastric barostat.5–8

Some patients with reflux oesophagitis may have impaired

vagal function.26 However, the finding of early postprandial

retention of a liquid meal in the proximal stomach is

unexpected in the presence of vagal impairment as after trun-

cal vagotomy initial gastric emptying of liquid is rapid,27 28 and

in patients with diabetic vagal neuropathy the proximal stom-

ach is small and meal induced gastric relaxation is impaired.29

Contrary to the small proximal stomach in functional dys-

pepsia patients, patients with GORD have a relatively larger

proximal stomach soon after a meal.30 Both patient groups

experience epigastric fullness suggesting increased gastric

wall tension.31 However, in contrast with patients with

functional dyspepsia, patients with GORD in addition to the

perception of fullness also experience heartburn. If the wide

proximal stomach is caused by pressure within (that is,

distension), mechanoreceptors of the subcardial area may be

activated and the frequency of transient lower oesophageal

sphincter relaxations thereby increased.2 3 32 The perception of

Table 2 Volumes of the stomach estimated by three
dimensional ultrasonography in 20 healthy controls
and 20 patients with mild or moderate reflux
oesophagitis

Postprandial
scanning Healthy controls (ml) Patients (ml) p Value

2 min
Proximal 266.9 (45.5) (269.6) 312.7 (79.6) (319.5) 0.03
Distal 64.5 (30.3) (53.6) 61.0 (25.5) (56.8) 0.69 (NS)
Total 330.9 (51.5) (351.0) 374.2 (78.6) (377.3) 0.05

10 min
Proximal 149.2 (52.9) (132.9) 209.3 (72.4) (201.1) 0.006
Distal 54.2 (23.6) (46.5) 56.78 (33.4) (46.1) 0.79 (NS)
Total 203.4 (63.4) (195.0) 265.0 (76.3) (276.1) 0.01

20 min
Proximal 100.0 (40.4) (92.2) 126.5 (53.5) (119.3) 0.09 (NS)
Distal 40.1 (19.7) (34.8) 45.3 (25.6) (39.5) 0.49 (NS)
Total 139.5 (50.8) (128.7) 171.8 (68.7) (159.5) 0.11 (NS)

30 min
Proximal 60.7 (28.9) (55.9) 69.9 (34.4) (64.8) 0.39 (NS)
Distal 27.7 (16.7) (28.9) 35.2 (22.7) (31.3) 0.27 (NS)
Total 88.4 (41.0) (84.8) 105.1 (48.4) (103.4) 0.27 (NS)

Values are mean (SD) (median).

Figure 2 Proximal gastric volume estimated by three dimensional
ultrasonography in 20 healthy controls and 20 patients with mild or
moderate reflux oesophagitis following ingestion of a 500 ml soup
meal. Patients with reflux oesophagitis revealed a larger volume of
the proximal stomach at two and 10 minutes postprandially
compared with healthy controls. Values are mean (SEM).
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Table 3 Symptom scores assessed on a 10 cm visual analogue scale before and
after a test meal in 20 healthy controls and 20 patients with mild or moderate reflux
oesophagitis

Fasting (cm) Postprandial (cm)

Symptoms Controls Patients p Value Controls Patients p Value

Pain 0.1 (0.2) 0.7 (1.1) 0.02 0.2 (0.2) 0.7 (1.4) NS
Nausea 0.3 (1.0) 0.6 (0.9) NS 0.9 (1.7) 1.0 (1.8) NS
Fullness 0.3 (0.7) 1.2 (1.8) 0.07 1.6 (1.4) 3.8 (2.2) 0.0006
Discomfort 0.4 (0.9) 1.7 (1.6) 0.005 0.9 (1.4) 1.7 (1.8) NS
Hunger/satiety 2.7 (2.1) 3.0 (2.3) NS 5.4 (2.3) 5.5 (2.4) NS

156 Tefera, Gilja, Olafsdottir, et al

www.gutjnl.com

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.50.2.153 on 1 F

ebruary 2002. D
ow

nloaded from
 

http://gut.bmj.com/


fullness in the presence of a large proximal gastric volume

suggests that the proximal stomach is distended and not only

abnormally relaxed soon after a meal. Hence the abnormal

early filling of the proximal stomach may represent an impor-

tant pathogenetic mechanism in reflux oesophagitis.

In our previous study, using a two dimensional ultrasound

system, we found a correlation between postprandial fullness

and sagittal area of the most proximal part of the stomach. In

the present study, we could not confirm a significant correla-

tion between fullness and volume of the stomach proximal to

the incisura angularis. The perception of epigastric fullness

may be related more to gastric wall tension than to intragas-

tric volume.31 We measured volumes only and not pressures,

and we were unable to calculate gastric wall tension.

Nevertheless, depending on the degree of relaxation, both the

perception of fullness and the experience of heartburn may be

consequences of increased pooling of a meal in the proximal

stomach during the early postprandial period.

Our finding of a significantly increased proximal to distal

intragastric volume ratio at 10 minutes but not at two minutes

postprandially could be due to redistribution of the meal from

the distal to the proximal stomach. The mechanism behind

this possible redistribution is unclear. Behar and Ramsby

showed that the number of antral contractions and cumula-

tive antral activity were lower in reflux oesophagitis patients

than in controls.33 In this study, the average half emptying

time of the ingested meal in healthy controls (21.2 (9.9) min-

utes) was close to that previously found12 by the same three

dimensional ultrasound system (22.1 (3.8) minutes) or by

scintigraphy (22.9 (12.1) minutes).34 Because total gastric

emptying was normal in our GORD patients, it is tempting to

speculate that the abnormal widening of the proximal

stomach 10 minutes after ingestion of a meal may be the

result of intragastric redistribution with reflux of ingested

material from the antrum and even from the duodenum back

to the proximal stomach.

Scintigraphy, the gold standard for the study of gastric

emptying, is also applicable for studying intragastric distribu-

tion of a meal. However, this method does not allow determi-

nation of intragastric volumes. It involves a radiation hazard

and can be performed only with certain types of meals.

Volume visualisation methods such as magnetic resonance

imaging, computed tomography, single photon emission com-

puted tomography, and position emission tomography have all

been available for some time35 but these techniques have not

achieved extensive clinical use because of the high cost and

time required to obtain and process high resolution image

data.

In vitro validation of our ultrasound system using a position

sensor based on magnetic scanhead tracking demonstrated

high accuracy and low interobserver variation.12 36 The present

in vivo validation of this system showed excellent agreement

with true volumes and low interobserver variation. There are

two magnetic positioning devices of sufficient quality avail-

able for three dimensional ultrasound imaging: Fastrak

(3Space Devices; Polhemus, Colchester, Vermont, USA) and

Flock of Birds (Ascension Technologies Corp., Burlington, Ver-

mont, USA). These devices have been used successfully in

echocardiography, obstetrics, and vascular imaging, and

considerable experience has been generated. We might be the

only centre using the Bird system for gastric volume

estimation. To assess the true reproducibility of such a

complex technique with investigators with varying experi-

ence, a multicentre study is warranted.

In conclusion, patients with GORD have an abnormally

large volume of the proximal stomach soon after a liquid meal,

concomitant with the perception of fullness. The abnormal

filling of the proximal stomach may represent an important

pathogenetic mechanism in reflux oesophagitis.
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