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Biomagne tic measurements are based on the noninvasive recording of magne tic signals
produce d by biological sources such as nervous system and muscle . The aim of this study was
to obtain multichanne l magne tic ® e ld recordings from the human gastrointe stinal tract and to
localize the source s of these signals three-dimensionally. The magne tic ® eld was recorded in
eight human healthy subje cts using a sensor array with 37 superconducting quantum inter-
ference device s (SQUIDs); an electrogastrogram was recorded simultanously. Biomagne tic
source localization was carried out with an iterative nonline ar optimization algorithm using
the mode l of an equivale nt current dipole (ECD) and corre lated to magne tic resonance
imaging (MRI) in four volunte ers. Magne togastrogram s and electrogastrogram s demon-
strated a similar frequency distribution with a peak at 3/min. In all subjects the centers of the
calculated dipole s plotted vs time showed a characteristic migration across the stomach area.
One volunte er demonstrated tachygastric episode s, during which his magne tic ® e ld ampli-
tudes increased ® vefold and his dipole migration disappe ared. In absence of an attack his
recordings change d to normal. This demonstrates multichanne l magnetic recordings can be
used to localize the source s of the biomagne tic ® eld, which could be useful for the unde r-
standing of motility disturbance s.
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Magnetic ® e lds are created by moving charge s, ie , by

currents and changing electric ® e lds. In principle the

electric or magne tic ® e lds can be measured. Measur-

ing the electrical ® e ld is well establishe d, but only

extracellular currents can be measured and the dif-

ferences in the electric conductivity of tissues cause

distortion of the ® e ld (1± 10) . On the other hand,

magne tic ® elds are less disturbe d by the differences in

the electric conductivity of tissue s; even the high

resistance of the cell membrane does not change the

® eld. By this means, a recording of intrace llular cur-

rents is also possible . The main disadvantage s of the

recording of magne tic ® elds are the high demands on

the recording equipment, because the ® elds gener-

ated in the body are some million times weaker than

the magnetic ® e ld of the earth. Thus the measure -

ments have to be carried out in a magne tically

shielded room and a superconducting quantum inte r-

ference device (SQUID) has to be used for recording.

Additionally for ® e ld location, multichanne l record-

ings are required. As the signal amplitude compared

to the environmental noise is low, summation of a

recurrent cycling signal is often he lpful to improve the
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signal-to-noise ratio. Based on this technique it is

possible to calculate a theoretical e lectrical current

dipole , representing the generator of the magnetic

® eld as has been shown for the brain (1± 5) and the

heart (6 ± 10) .

The smooth muscle laye r of the gastrointe stinal

tract is characterized by a periodic cyclic electrical

activity that can be detected by mucosal, serosal, or

surface electrodes. This electrical activity shows spe-

ci® c and characteristic frequencie s in the various re-

gions of the gastrointe stinal tract (11± 20) . This cyclic

electrical activity, which has been named electrical

control activity or slow waves, is due to a nerve-

independent mechanism that cause s a depolarization

of the cell membrane . Recent studie s have sugge sted

that they might be generated by inte rstitial cells of

Cajal located at the border of the muscularis propria

and the subse rosa (21) .

Biomagne tic measurement device s have been pre-

viously used in the gastrointe stinal tract in two differ-

ent ways. The ® rst application was the detection of

ferromagne tic pelle ts that were swallowe d by the pa-

tient in order to be localized and thus estimate gastric

motility and emptying. Even though this method can

not strictly be regarded as biomagne tic recording,

biomagne tic measurement device s were used to de-

termine and calculate the position of the pe lle ts. Such

a three-dimensional path of the pe llets through the

gastrointe stinal tract can be monitored across time

(22± 28). The electrophysiological gastric activity itse lf

had been measured using single - and four-channe l

SQUIDs in New Zealand rabbits and recently in

humans (29 ± 32) . In all studie s a strong correlation

between the electric and magne tic signal had been

seen, thus demonstrating the fact that the basic elec-

tric rhythm can be measured magne tically. In the

animal studies the basic electrical rhythm frequency

decreased signi® cantly after arti® cial mesenteric isch-

emia (29, 30) . This provide d the opportunity to detect

inte stinal ischemia noninvasive ly. A three-dimen-

sional source localization was not possible from these

measurements, since for the source localization a

multichanne l system with at least 15 to 20 sensors is

necessary (33) .

The aim of the present study was to apply the

technique of multichanne l biomagne tic recording of

electrical activity to the gastrointe stinal tract and es-

pecially to the stomach. By using multichanne l bio-

magne tic recordings, our aim was to characte rize the

spatial and temporal distribution of the magnetic

® elds of the stomach and, using an adequate mode l,

to estimate the three-dimensional distribution of elec-

trical activity of the stomach in normal human volun-

teers.

MATERIALS AND METHODS

Subjects. All e ight volunteers were healthy males, rang-
ing in age from 20 to 40 years. When choosen for the study
they showed no gastroenterologic symptoms and had no
history of a major gastrointestinal disease . All subjects
underwent recordings fasted and fed, two underwent an
additional session with the administration of cisapride. For
the fasted condition, the volunteers were studied afte r an
overnight fast (minimum 8 hr). The fed condition was
measured after a standardized breakfast consisting of 200
ml orange juice, 1 cup of coffee , 2 rolls ® lled with sausage
(total calorie content: 2500 kJ). Cisapride was applied per-
orally in a dose of 10 mg as suspension 15 min before the
next recording.

By chance one volunteer demonstrated a tachygastric
attack during two recording sessions. During these attacks
he reported mild dyspeptic symptoms. This volunteer was
excluded from the normal study subjects, but his recording
and evaluation are added separate ly.

Magnetic Recording. The magne tic ® eld recordings were
carried out in eight healthy males with the multichannel
biomagne tic recording system Krenikon (34, 35). The
Krenikon consists of a liquid-helium-cooled sensor array,
enclosed in a ® berglass cryostat, located in a magnetically
shielded room. The sensor array consists of 37 DC SQUIDs
coupled to an array of axial ® rst-order gradiometers, with a
baseline of 7 cm. The pickup coils of 2.7 cm diameter are
densely packed over a ¯ at total circular area of 19 cm
diameter. Since the measurements reported here were car-
ried out in a laboratory setup, typically only 32 of the 37
magnetic channels were used.

The sensor module was oriented such that the center of
the magnetic recording area was in the medial line and at
the height of lower border of the chest. The recording
system was moved up to 2 cm above the abdominal wall to
allow free breathing without direct contact to the sensor.

Electrical Recording. The cutaneous electrogastrogram
was recorded simultaneously in all subjects by four cutane-
ous electrodes located in the epigastrium. Additionally the
respiration was monitored by a nonmagnetic respiratory
belt.

Data Acquisition and Processing. After on-line anti-
aliasing ® ltering (Bessel ® lter, linear phase, attenuation 48
dB/octave with a cutoff frequency selectable in a wide
range) of the magnetic ® eld data of the 32 channels the data
were digitized using a 12-bit AD converter with a sampling
frequency of 40 Hz and stored on a hard disk. The magne tic
and electrical signals were subjected to a digital bandpass
® lter ( low-pass ® lter: 2 3 dB at 0.12 Hz and 2 30 dB at 0.18
Hz, and high-pass ® lter: cutoff frequency 0.12 Hz). The
electrogastrogramm was treated in the same way. These
frequencies were chosen to eliminate artifacts produced by
respiration and the heart activity.

Pattern Recogn ition an d Summation Signal. In order to
further analyze magne togastrogram (MGG) data, noise re-
duction is essential. If the signal represents repetitive
events, it is common to search for similar events. The
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rationale of this method is the assumption that single un-

expected events result from artifacts (eg, used for calcula-

tion of evoked potentials in the brain). If the signal repre-
sents repetitive events recorded from different leads, which

means different directions, it is then possible to search for

similar events over time and over the spatial distribution in

all recording sites. Since gastric activity is a periodic pro-
cess, an automated event detection algorithm, originally

deve loped for the detection of epileptic spike-wave events

in the magne toencephalogram, was used for this purpose
(36) . The algorithm assumes that an event is complete ly
characterized by the temporal wave form in each sensor and
the spatial ® eld patte rn at each acquisition point during the
event. Thus the whole spatiotemporal multichannel data
matrix of an interactively selected template wave cycle is
taken, and the temporal cross-correlation of the template
signal with the whole data set is calculated. Maxima in this
cross-correlation function indicate the time-aligned occur-
rence of suf® cient similar gastric cycles, which are then
averaged. Similar patterns detected were time-aligned and
averaged. Possible artifacts were studied by dummy record-
ings where no subject was in the recording chamber. The
further technical details of this pattern recognition algo-
rithm are given elsewhere (36) .

Th ree-Dimension al Localization . Three-dimensional
source localization was carried out at 0.1-sec intervals over
the whole wave cycle. First, the measured magnetic ® e ld
distribution of the 32 different magnetic sensors was visu-
alized on an a two- or three-dimensional grid (isocontour
® e ld maps). The isocontour ® eld maps contain the whole
information about the underlying physiological process, but
it is common to reduce the information to calculated
sources of the ® e ld distribution. For that, a model is
needed, because arithmetically every ® e ld map has a unlim-
ited number of possible sources generating the ® e ld. The
model limits the arithmetically possible sources to physio-
logically acceptable sources. The most easy, striking, and so
far in practice the only model used in medicine is the model
that calculates a dipole as the source of the isocontour ® eld
maps [eg, the vector (dipole) in the vector ECG]. Thus for
three-dimensional source localization of the electrical ac-
tivity of the stomach, the model of an equivalent current
dipole (ECD) immersed in the homogeneous half space was
used. The boundary surface of the half space represents the
frontal wall of the body. It is known that the ECD is not in
all cases the ideal source model since an ECD only de-
scribes activity con® ned to a small tissue volume, ie, on the
order of 10 cubic centimeters, but it was supposed to be
adequate as an approach in this comparative study. More
complex source models, such as distributed current recon-
struction by means of the minimum norm method, which
are further steps in future, are limited by the power of
current computer systems.

Afte r having localized dipoles at selected time points in
the data set, several plausibility criteria are applied to the
solutions to check for the reliability of each dipole (37). The
most important validation criterion is the goodness of ® t,
which quanti ® es how well the dipole solution explains the
measured ® e ld map. The goodness of ® t is usually given as
fraction of the total measured ® e ld energy that is explained
by the dipole, typically in the range of 0.90 to 0.99. In our
evaluations we have chosen a threshold of 0.96 for accep-

tance of a dipole solution. Other criteria that may be used
for dipole validation if there is prior knowledge available
from electrophysiology are nerve conductance ve locity or
slow-wave conductance ve locity, which is related to the
distance between successive dipole positions, and action
potential duration or slow-wave duration, which is related
to the spatial stability of a dipole location. Neither criterion
has been applied in the evaluation of the results presented
in this paper, but may help in further interpretation of these
phenomena in the future.

Image Fusion of MGG and MRI. In order to allow the
visualization of the three-dimensional MGG source local-
ization in relation to the patient’ s anatomy, MR images
were obtained from four volunteers. Four external markers
connected to a cross-shaped plastic frame were taped to the
subject’ s chest in order to allow a transformation from the
biomagnetic coordinate system to MRI coordinates. The
markers contained small current loops during the MGG
measurements, which can be localized from the biomag-
netic measurement system, and were replaced by a contrast
agent (silicone jelly) during the MR measurements. By use
of the four individual points, the coordinate transformation
matrix is calculated, and the dipole locations are directly
projected into the respective MR slice. The dipole position
at each evaluated time point is visualized in the MR image
by small red markers (crosses).

RESULTS

Field Amplitude. When recording from the stom-

ach area, a typical wave patte rn could be detected in

all magne tic channe ls that resembled the simulta-

neously recorded electrical activity of the electrogas-

trogram. On average , 30 6 14 similar wave cycle s

were detected during the 20-min recording period by

the patte rn recognition algorithm, and they were fur-

ther used for summation of the signal. Thus the

pattern recognition algorithm detected half the ex-

pected wave cycles using 3 cycle s/min as working

hypothe sis. The unde tected wave cycle s result from

artifacts, such as movement of the volunte er, which

TABLE 1. DURATION AND AMPLITUDE OF MAGNETOGASTRIC

RECORDINGS

N

Duration of

averaged
wave cycle

(sec, mean

6 SD)

Amplitude (pT)

Maximum Minimum

Total 17 21.8 6 3.4 2.6 6 1.2 2 2.3 6 0.9
Fasted 6 21.9 6 3.3 1.92 6 0.8 2 1.85 6 0.68

Fed 9 21.5 6 3.8 3.33 6 1.1* 2 3.06 6 1.02*
Cisapride 2 25.7 6 1.8 1.64 6 0.7 2 2.4 6 0.5

Tachygastria ² 11.4 6 0.3 12.5 6 2.3 2 14.5 6 2.2

* Signi® cantly different compare d to fasted (P , 0.05) .

² The value s were obtained in the same patient in two different
recording sessions.
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could not be completely avoide d during the recording

periods.

The magne tic ® e ld recordings typically showed am-

plitude s in the range of 0.5± 4 pT during the maximum

of these cycle s. The magne tic ® e ld strength of the

recordings in all fasted volunte ers was smalle r than

after inge stion of food (Table 1). Yet these amplitude

value s can only be taken as a qualitative indication,

since the amplitude depends on both electrical stom-

ach activity and distance of the SQUID sensors to the

muscle . This depends on placement of the SQUID

multichanne l array and the physical constitution of

Fig 1. Frequency spectrum of the electrical and the magnetic recording in a normal volunteer (A)

and in a volunteer with tachygastria (B). (A) The electrical recording is also plotted and the
bandpass ® lter is switched off, showing the close reationship with the biomagnetic recording and the

artifacts produced by respiration and heart activity. In the normal volunteer a biomagne tic
dominant frequency of 0.035 and 0.045 Hz was observed according to the normal gastric activity.

In the volunteer with tachygastria, a biomagnetic dominant frequency of 0.085 Hz occurred. (fT/Hz
RMS 5 femtotesla per hertz root mean square .)
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the volunte er. The quantitative comparison of fasted

and fed state is correct, since the same volunte ers

with the same sensor positions are examine d in fasted

and fed state .

Frequency Spectrum. When the frequency spec-

trum of the magnetic signal was determined by fast

Fourie r analysis and compared to the frequency spec-

trum of the electrical signal, a close relationship be-

tween the two signals could be observed (Figure 1A).

In one volunte er an atypical high frequency of the

electrical and magne tic waves was obse rved. On the

basis of the electrogastrogram this volunte er was di-

agnosed as having a tachygastric episode and was

excluded from normal volunte ers and treated sepa-

rate ly (Figure 1B). At the time of the tachygastria, the

volunte er had only mild dyspepsia but no other ab-

dominal symptoms. The tachygastria was demon-

strated on two occasions during two different record-

ing sessions after a pause of about 30 min. In one

recording session the tachygastria ceased after 20 min

and electrical signals of normal amplitude and fre-

quency were recorded.

Averaged Wave Cycles. The averaging of the de-

tected events resulted in a sinusoidal summation wave

with a mean duration of the positive half of the wave

cycle of 10.6 6 1.7 sec and of the negative half of the

wave cycle of 11.2 6 2.2 sec and a total wave duration

of 21.8 6 3.4 sec (Figure 2A). From this wave dura-

tion, a mean frequency of 2.8 6 0.4 cycles/min was

calculate d.

The mean maximum amplitude of the averaged

magne tic waves of all recordings was 2.65 6 1.18 pT,

and the mean minimum amplitude was 2 2.28 6 0.87

pT. The value s for mean duration and minimum and

maximum amplitude for the different subgroups [fast-

ed state (N 5 8), fasted state plus cisapride (N 5 2),

and fed state (N 5 8)] as well as for the patient with

tachygastria are given in Table 1.

No signi® cant difference in the mean duration of

the averaged wave of the magnetic signal in the fasted

and fed state was obse rved. However, the amplitude

of the magnetic wave signal was signi® cantly en-

hanced after inge stion of a contine ntal breakfast.

The averaged wave from the volunte er who had

Fig 2. Averaged wave cycles of the magnetic signal in a normal

volunteer (A) and in a volunteers with tachygastria (B). The
averaged wave cycles are calculated as the summation of all wave

cycles detected by the pattern recognition algorithm during a
recording session. The ® gure shows the ave rage d cycle s for the 32

recording channels of the magne togastrogramm (1± 32) and record-
ing channe ls I, II, III, O, A, and J of the e lectrogastrogram

(I± III± J) . The abscissa is scaled in seconds.
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tachygastria in the electrical and in the biomagne tic

signal is shown in Figure 2B. If we assume a normal

range of the parameters with means of 6 2 SD, the

duration of the average signal as well as the amplitude

of the magne tic waves were far outside this normal

range . The amplitude of the magne tic signal was ® ve

times highe r than the average amplitude in the other

volunte ers and the duration of the magne tic waves

was only half that of the other volunte ers, corre-

sponding to an average frequency of 5.3/min. After

the tachygastria had ended and the frequency of the

gastric activity was in the normal range again, mag-

netic amplitude and duration of the half cycle s were

in the same range as in other volunte ers.

Magn etic Field Distribution (Field Map ). The av-

eraged wave cycles can also be displaye d in form of

the spatial magne tic ® e ld distribution across all mag-

netic channe ls (isocontour ® eld maps). An example of

magne tic ® e ld maps is given in Figure 3. This ® eld

maps show the magne tic ® eld distribution above the

right abdominal region. The magne tic ® eld lines con-

nect areas of identical magnetic ® e ld strength.

Dipole Propagation . The dipole propagation of the

normal volunte ers (fasted and fed) and the tachygas-

tric volunte er in absence of an epigastric attack shows

a characte ristic migration of the ECD during the

wave cycle (Figure 4A, Table 2). This migration is

distinctly reduced in the tachygastric attacks (Figure

4B, Table 2).

Fu sion of Th ree-Dimen sion al Distr ibution of

ECDs with MR Image. Having established a common

reference system for MGG and MR measurements as

described above , the schematic representation of the

dipole distribution can also be proje cted directly into

the corresponding MR image of this subje ct in order

to correlate the three-dimensional distribution of the

ECD localization with anatomical structure s. In all

four volunte ers (normal) , who underwent MRI exam-

ination, the three-dimensional ECD localization is

closely corre lated with the stomach area. An example

is given in Figure 5.

DISCUSSION

The present study demonstrate s that biomagne tic

recording of electrical activity of the human stomach

can be performed with a multichanne l recording sys-

tem. With such a multichanne l system, which is al-

ready used clinically in neurology and cardiology, a

three-dimensional localization of the equivale nt di-

Fig 3. Example of a magne tic ® e ld distribution. Similar magnetic ® eld distributions were

calculated every 100 msec for the whole wave cycle. The dipoles are then calculated from
this ® eld distributions.
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Fig 4. Three-dimensional dipole propagation of the volunteer with tachygastria without a
tachygastric attack (A) and during an attack (B). The dipole propagation of the volunteer with

tachygastria is distinctly reduced. The x axis points from right to left (zero at the medial line), the
y axis from feet to the head (ze ro at the costal arc) , and the z axis from back to front (ze ro at bed

leve l).
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pole s, representing the electric activity, can be per-

formed. Biomagne tic signals have the ir origin in elec-

tric currents that occur sporadically or periodically.

Such currents generate electric and magne tic ® e lds

according to the law of electrodynamics. A major

advantage of the magne tic ® eld is that magne tic ® eld

line s are less in¯ uenced by the surrounding body

tissue . In contrast, electrical ® e ld lines are change d

quite substantially due to conduction inhomoge neity

of the various body tissues. Therefore the electrical

® elds that can be detected on the body surface are

inhomoge neous and deformed, which makes a three-

dimensional localization imprecise or impossible . For

this reason the three-dimensional localization using

magne tic ® e lds is much more precise and reliable (3).

An additional advantage is that the magne tic ® e lds

can be recorded outside the organism , even without

making any body contact. A major disadvantage is

that the biomagne tic ® elds are usually very weak, in

general 10
6

times smaller than the magnetic ® e ld of

the earth. In order to detect biomagne tic ® elds gen-

erated by biological current sources, highly sensitive

detectors such SQUIDs and a magne tically shielded

room are needed (35) .

The current study describes the three-dimensional

distribution of the current source s of the human

stomach in normal healthy volunte ers for the ® rst

time. Despite the fact that this three-dimensional

current localization shows inte rindividual variations,

several typical patte rns could be observed. We dem-

onstrated that with use of a patte rn recognition algo-

rithm the magne tic activity can be detected and the

individual waves can be used for wave summation to

improve the signal-to-noise ratio. The summation of

the wave signal ® nally leads to a rather homogenous

magne tic ® eld (isocontour ® e ld maps) , which can be

used for dipole location. The calculated dipole s are

arranged in or closely around the stomach region. In

this respect, the activity is similar to the vector mag-

netocardiogram.

By chance one volunte er had a tachygastric attack

during two different recording sessions. During his

attacks he showed a highe r frequency and a highe r

® eld amplitude . Additionally the dipole migration

disappeared. This ® nding might be he lpful for the

localization of pacemakers of tachygastric activity.

When trying to correlate the current dipole local-

ization with physiological electrical phenomena, sev-

eral factors have to be kept in mind. First the signal

base line , which is important for ECD localization, can

not be determined as easily as in the heart. In the

heart an electrically quie t period can be assumed in

the T-P inte rval. This assumption is not possible in

the stomach, as there is at least one slow wave mi-

grating from the proximal to the distal stomach. A

shift of the base line on the other side would cause a

systematic shift of the three-dimensional ECD local-

ization.

A second limitation is the mode l of the equivale nt

current dipole used for the three-dimensional local-

ization. This model prove s to be true only for a single

current dipole generating the magne tic ® eld. As the

slow waves are not spatially homoge neous but spread

around the circumference of the stomach, only a

summation ª vectorº signal can be localize d. Addition-

ally there is evidence that while one slow wave is still

present in the terminal antrum, the next slow wave

will already be generated in the pacemaker region.

Therefore the status of the presence of two slow

waves on the stomach will occur. Therefore it is

surprising to obtain a rathe r homogeneous 3-D local-

ization, but it has to be kept in mind that this only

re¯ ects the localization of the summation vector.

To date in gastroe nterology the use of SQUIDs is

limited on basic research. The electrophysiological

gastric activity itse lf had been measured using single -

TABLE 2. VOLUME OF MINIMAL CUBOID CONTAINING ALL DIPOLE CENTERS DURING A RECORDING SESSION

Recording session

Normal volunteers

Tachygastric
volunteer

Without
During
attack

1 2 3 4 5 6 7 8 9 10 11 12

Volume (cm
3
)* 110 440 1,500 2,700 900 16,000 7,500 1,200 11,700 5,500 190 25

0

*Calculated as the product of the difference between the smallest and the largest value for the x, y, and z direction.
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Fig 5. Three-dimensional dipole propagation (A) of a volunteer who underwent MR imaging and fusion with
MR image in x± z (transve rse ) slize (B). The x axis points from right to left (zero at the medial line), the y

axis from feet to the head (zero at the costal arc) , and the z axis from back to front (ze ro at bed leve l). The
red point marks zero in the MRI. A dipole center is calculated every 100 msec. For better clarity only every

second dipole is plotted in the MR image. The dipoles form a transve rse path across the stomach for about
10 sec in a sinusoidal shaped wave in the horizontal axis (shown), whereas before and after this characte ristic

distribution more localized dipoles were found in the proximal (corpus) and the distal (antrum) stomach
(not shown). L: liver; GB: gallbladder; K: kidney; E: erector trunci muscle; P: pancreas; D: duodenum; S:

stomach; DC: decending colon.
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and four-channe l SQUIDs in New Zealand rabbits

and recently in humans (29 ± 32) . Animal studie s pro-

vided the opportunity to detect inte stinal noninvasive

ischemia with this technique (29, 30) . Our study pro-

vided the chance to detect and localize abnormalitie s

in gastric electric activity. Until now, no clinical vali-

dation had been unde rtaken to show that these effects

have clinical value . However, the improved spatial

and temporal resolution sugge sts a possible diagnos-

tic advantage to other methods such as the electro-

gastrogram. Nevertheless, the cost of the apparatus

will be a major disadvantage . Further research on the

SQUID technique will improve its performance and

reduce the cost, and advance s in computer technology

will allow more power in dipole calculation. A better

algorithm will allow working with a worse signal-to-

noise ratio, thus measurements in a more noisy envi-

ronment become possible and cost-intensive shie lding

of the examination room might be reduced. Addi-

tional more realistic mode ls dealing with multiple

dipole s are possible . In Russian hospitals SQUIDs

are installe d in unshie lded rooms and have been used

to detect the basic electrical rhythm (38) . As biomag-

netic multichanne l device s will become available for

clinical use in neurology and cardiology (by 1997 a

total of 16 device s will be installe d in Germany for

clinical research), this technology will be available in

an increasing number of clinics, which might also

make possible clinical trials in gastroe nterology.
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