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absTRacT

Purpose

To evaluate continuously tagged 3 Tesla MRI for monitoring glucagon-induced bowel 

motility changes in healthy volunteers.

Materials and Methods

After standardized oral bowel preparation, 10 healthy volunteers underwent a 

free-breathing, continuously tagged three-dimensional (3D) dynamic fast-field-echo 

(FFE), at a 3.36 Hz sampling frequency. One milligram of glucagon was administered 

intravenously during data acquisition. Each dataset was divided into four temporal 

sets of 2 min (period 1 to 4). Taglines were tracked automatically using a scale spaced 

based algorithm. Assessment of global spectral resolution was performed for three 

frequency intervals: 0.008–0.300 Hz (motility), 0.300–0.400 Hz (breathing motion), 

and 0.400–0.533 Hz (higher order motion). Additional analyses were performed at 

fine spectral resolution in frequency bands of 0.033 Hz. Glucagon-induced motility 

changes were investigated by means of a motility index (spectral power normalized to 

the maximal spectral power per-volunteer), resulting in a range of 0 to 1 (no motion 

to maximal motion). Statistical comparison was done for period 1 and 4 (Wilcoxon-

signed rank test).

Results

After glucagon administration, a significant decrease in the motility index was found 

for the low- (0.008–0.300 Hz) (P < 0.0001) and high-frequency interval (0.400–0.533 

Hz) (P < 0.0001). Around breathing motion frequencies, no decrease in motility index 

was detected.

conclusion

Free-breathing, continuously tagged MR imaging is a noninvasive method for auto-

mated bowel motility assessment and allows for detection of drug-induced changes.



181

7

Drug-induced bowel motility changes monitored with continuously tagged MR imaging

inTRoDUcTion

Bowel motility is important for normal absorption and digestion throughout the 

gastrointestinal tract. It is characterized by a complex of phasic dilatations and con-

tractions influenced by a variety of factors such as myoelectrical activity, fasting state, 

and hormones.1 Bowel motility assessment is complex and still a rather uninvestigated 

area.2 Currently manometry, scintigraphy, and radiographic examination of radio-

opaque markers are the techniques used to determine bowel motility.3 However, each 

technique has limitations as it measures only one derivative of motility (e.g., transit 

time) or a small part of the gastrointestinal tract.3 Moreover, all techniques are charac-

terized by invasiveness4 or ionizing radiation,5 hampering its repetitive use.

MRI has increasingly been proposed as a technique to measure motility of the 

gastrointestinal tract noninvasively and without ionizing radiation. Several stud-

ies demonstrated quantification of gastric and bowel motility with MR imaging.4-8 

Although demonstrating the potential of MRI, these studies have limitations as as-

sessment of motility was performed by means of manually cross-sectional luminal 

measurement in one slice at a time, two-dimensional (2D) imaging sequences were 

used and participants were subjected to breathholds. It would be valuable to have a 

robust, objective, noninvasive technique that has a coverage comprising both small 

and large intestines and allows assessment of bowel motility over minutes rather than 

seconds, consequently capturing low-frequency motility patterns.

Continuously tagged MR imaging is a motion-sensitive MRI technique, which is 

currently widely applied in cardiac imaging.9 It provides direct imaging of motion by 

spatially modulating the magnetization prior to imaging. This technique uses non-

selective radiofrequency pulses separated by gradient pulses; the resulting images 

show periodic bands of zero signal or a tag pattern due to the modulation. By adding 

a prepulse and a delay between the prepulse and actual imaging sequence, motion 

can occur before the image is acquired, thereby causing changes in the tag pattern. 

Consequently, tissue motion can be reconstructed; therefore, it could also be applied 

to measurement of bowel motility.10 A recent study demonstrated the feasibility of 

continuously tagged MR imaging both in a phantom model and one human subject.10 

This continuously tagged imaging sequence was designed for low-frequent motion, 

that cannot be triggered, as is common in cardiac imaging; e.g., electrocardiogram 

triggering.11 Continuously tagged MR imaging allows bowel motility measurement 

by means of frequency analysis without the need of observer interaction and can 

discriminate breathing, and cardiac and bowel motion. As a result, this technique is 

independent of operator performance and can acquire data during free-breathing. 

Furthermore, data acquisition and analyses can be performed for multiple slices all at 

once with automated analysis of the data (tracking of the taglines and calculation of 
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motion spectra).10 In addition to a previous feasibility study using this technique,10 we 

evaluated bowel motility using a more refined spectral resolution to be able to detect 

smaller differences in frequency changes and we introduced a generally applicable 

index for bowel motility comparison.

The aim of this study is to evaluate 3.0 Tesla (T) MRI as a diagnostic tool in the 

assessment of bowel motility using free-breathing, continuously tagged MR imaging 

in 10 healthy volunteers. We hypothesize that the decrease in motility following ad-

ministration of a spasmolytic agent, glucagon (GlucaGen®, Novo Nordisk B.V., Alphen 

aan de Rijn, The Netherlands), can be assessed reliably using continuously tagged MR 

imaging using the introduced continuously tagged motility index.

MaTeRials anD MeThoDs

volunteers and Preparation

In a prospective study, we collected data of 10 healthy volunteers. The Medical Ethical 

Committee approved this study. All participants provided written informed consent. 

Ten healthy volunteers (six females, four males) with a mean age of 25.8 (range, 

20–31) years were included in this study.

Inclusion criteria were (a) human volunteers (b) in the age of 18–45 years (c) who 

were willing to undergo minimal bowel preparation and MRI and (d) who were willing 

to give informed consent. Exclusion criteria for this study were (a) subjects who were 

unable to give informed consent, (b) history of abdominal surgery, (c) gastrointestinal 

diseases or current gastrointestinal symptoms, evaluated with the use of the Gastro-

intestinal Symptom Rating Scale (GSRS). Further exclusion criteria were contraindica-

tions to (d) undergo MRI (pacemakers, claustrophobia, and pregnancy) and (e) the use 

of intravenous injection of glucagon.

All volunteers fasted for 4 h and ingested 1000 mL of hypotonic mannitol 2.5% 

(Merck, Darmstadt, Germany) before each MR examination. The ingestion of the 

solution was equally distributed over an hour prior to imaging. No diet restrictions 

were applied. All volunteers were monitored for adverse effects of the ingestion of 

mannitol and administration of glucagon during the examination until 30 min after 

the MRI examination.

imaging and Motility assessment

We used a 3.0 T scanner (Intera, Philips Healthcare, Best, The Netherlands) with a 

Sense XL 16-channel torso coil. The subjects were scanned in supine position. Before 

the continuously tagged imaging sequence, a coronal breathhold Single Shot Fast 

Spin Echo (SSFSE) of 36 slices was acquired for anatomical reference (voxel size 2 
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× 2 mm, slice thickness 4 mm, flip angle 90 degrees, repetition time/echo time [TR/

TE] = 517/65 ms, field of view [FOV] = 512 × 400 × 144 mm). Based on this coronal 

sequence, a coronal three-dimensional (3D) fast-field-echo (FFE) with an optimal 

coverage of the bowel was selected by tilting the volume. The tag spacing was 9 mm, 

the tag delay was 200 ms and the FFE readout time 98 ms, resulting in a sampling 

frequency of 3.36 Hz. This sampling frequency was considered to render sufficient 

sampling of the bowel motion characteristics. Further scan parameters: voxel size 

3 mm isotropic, FOV 400 × 400 × 36 mm (12 slices), TR/TE 2.9/1.8 ms, matrix 132 

× 132, SENSE factor 4, and Half Fourier 0.8 in anterior/posterior (AP) direction and 

0.625 in right/left (RL) direction.

The continuously tagged MR imaging sequence was acquired during free-breath-

ing. The tagged imaging duration was set at 8 min. After 2 min of continuously 

tagged data acquisition, a spasmolytic agent, 1 mg of glucagon, was administered 

intravenously to manipulate the bowel motion. We expected the spasmolytic effect to 

start 1 min after administration.12 To assess alterations in motility after administration 

of glucagon, each dataset of 8 min was divided in four equal temporal sets of 2 min 

(period 1 to 4), in which period 1 represents baseline motility.

Taglines were tracked automatically using a scale spaced based algorithm.13 Motion 

derived from the deformed taglines was stored, and motion spectra were calculated 

by performing a time-dependent Fourier Transform for each voxel individually (thus 

avoiding negative effects from phase differences between different positions along 

the gastrointestinal tract). The resulting frequency domain of the motion spectra was 

0.008–1.664 Hz with a spectral resolution of 0.008 Hz (corresponding to a domain 

from 1 event per 2 min to 100 events per min).

For quantification and comparison of motility between volunteers, the spectral 

power of each volunteer was normalized to their maximal spectral power, which 

we referred to as motility index. By definition, the motility index ranged from 0 (no 

motion) to 1 (maximal motion or breathing motion), as the breathing frequency 

displays the maximal spectral power.10 The entire frequency range can be resampled 

into two different spectral resolutions; global spectral resolution and fine spectral 

resolution, allowing for evaluation of the acquired motility at different scales. For a 

global spectral resolution, the spectra were resampled in three predefined intervals of 

0.008–0.300 Hz, 0.300–0.400 and 0.400–0.533 Hz, dividing the spectral bands into 

a low-frequency interval, an intermediate-frequency interval, and a high-frequency 

interval. For the fine spectral resolution, the motion spectra were linearly resampled to 

bands of 0.033 Hz, corresponding to two events per minute, per band.

Next, the effect of glucagon on the motility index was evaluated for all volunteers 

in both the global spectral resolution and fine spectral resolution. In each healthy vol-
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unteer, the evolution of the motility index in time at the global spectral resolution was 

studied. This was performed by comparing baseline motility (period 1) to period 4.

For anatomical reference, the motion spectra were averaged over quadrants in the 

centre of the abdominal region (Fig. 1). We analysed this central area (quadrants A, B, C 

and D), because it mostly contains bowel, whereas the outer areas contain anatomical 

structures other than bowel. Statistical analysis was performed using the PASW Statis-

tics 18 (SPSS Inc. Chicago, IL) for Windows statistical package. Statistical comparison 

was done for paired groups (Wilcoxon-signed rank test) as data were not normally 

distributed. Differences were considered significant at P < 0.05 for the global spectral 

resolution and the fine spectral resolution. Differences were considered significant at 

P < 0.005 (after Bonferroni correction) for the global spectral resolution of the individual 

volunteers. For statistical analysis, we compared the baseline motility (period 1) with the 

fourth period to ensure the onset of the effect of glucagon in all volunteers.

ResUlTs

Motion spectra were successfully acquired in all 10 volunteers. No serious adverse 

effects were registered for any of the volunteers. Minor adverse effects were regis-

tered for three volunteers shortly after administration of glucagon; they all reported 

symptoms of nausea. Data acquisition was not interrupted by the adverse effects.

a b

c d

figure 1: A coronal slice of a 2D HASTE 
dataset together with an overlay of 
eight equal segments, over which 
the motion spectra were averaged, is 
shown. Data analysis was performed 
for the central quadrants A, B, C, and 
D, to ensure coverage of the bowel of 
all volunteers in this field.
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The quadrants are represented in Figures 2-4, which shows bar plots of alterations 

in motility index at the global spectral resolution in the three frequency intervals: 

0.008–0.300 Hz (Fig. 2a), 0.300–0.400 Hz (Fig. 3a), and 0.400–0.533 Hz (Fig. 4a), 

respectively, plotted for the four time periods. In addition, the graphs adjacent to the 

bar plots (Figs. 2b, 3b, 4b) represent the motility index of the fine spectral resolution 

of the three frequency intervals, also plotted over the four time periods.

For the global spectral resolution, we found a significant decrease in motility index 

in the low-frequency interval for all of the quadrants (P < 0.0001 for all quadrants), 

reflecting a significant decrease in bowel motility, when comparing period 1 to 4 

(Fig. 2a). Evaluation of the fine spectral resolution in this low-frequency interval also 

showed a decrease in motility index in the frequency bands when comparing period 

1 to 4 (Fig. 2b). Yet, this decrease was not significant for all frequency bands of the 

quadrants, indicating the usefulness of the fine resolution analysis. The most signifi-

cant decrease was found for the low-frequency bands (Table 1).

The intermediate-frequency interval (primarily breathing motion) of 0.300–0.400 

Hz showed no significant decline in motility index between those periods, which was 

found for both the global spectral resolution (Fig. 3a) and the fine spectral resolution 

of this interval (Fig. 3b; Table 1).

Low frequency interval: 0.008 – 0.300 Hz

A B C D A B C D

Global spectral resolution Fine spectral resolution

figure 2: The motility index of the low-frequency interval 0.008–0.300 Hz. The motility index of the 
four quadrants is plotted over the four time periods for both the global spectral resolution (a) and fine 
spectral resolution (b). A to D: the central quadrants (A to D) analyzed for motility. 1: Time period 0 to 
2 min, which represents baseline motility. 2: Time period 2 to 4 min. 3: Time period 4 to 6 min. 4: Time 
period 6 to 8 min. Comparison of period 1 and 4 shows a significant decrease in motility index for the 
global spectral resolution in all quadrants. The fine spectral resolution shows a decrease in motility index 
for all frequency bands when comparing period 1 to period 4.
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The high-frequency interval of 0.400–0.533 Hz (higher order bowel motility and 

breathing motion) also demonstrated significant decrease in motility index in all quad-

rants for both the global spectral resolution (Fig. 4a) and the fine spectral resolution 

(Fig. 4b), when comparing period 1 and 4. Although the decrease in motility index for 

Intermediate-frequency interval: 0.300 – 0.400 Hz

A B C D A B C D

Global spectral resolution Fine spectral resolution

figure 3: The motility index of the intermediate-frequency interval 0.300–0.400 Hz. The motility index of 
the four quadrants of the intermediate-frequency interval is plotted over the four time periods for both 
the global spectral resolution (a) and fine spectral resolution (b). A to D: The central quadrants (A to D) 
analysed for motility. 1: Time period 0 to 2 min, which represents baseline motility. 2: Time period 2 to 
4 min. 3: Time period 4 to 6 min. 4: Time period 6 to 8 min. Comparison of period 1 to period 4 shows 
no decrease in motility index for both the global and fine spectral resolution (a,b).

High frequency interval: 0.400 – 0.533 Hz

A B C D A B C D

Global spectral resolution Fine spectral resolution

figure 4: The motility index of the high-frequency interval 0.400–0.533 Hz. Again, the motility index of 
the four quadrants is plotted over the four time periods for both the global spectral resolution (a) and 
fine spectral resolution (b). A to D: The central quadrants. 1: Time period 0 to 2 min; baseline motility. 
2: Time period 2 to 4 min. 3: Time period 4 to 6 min. 4: Time period 6 to 8 min. Motility index shows 
significant decrease for both the global spectral resolution and fine spectral resolution when comparing 
period 1 and 4 (P < 0.001 all quadrants).
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quadrant A was significant for all the frequency bands in this interval, the decrease 

was less significant compared with the other quadrants (Table 1).

Figure 5 represents the motility index of each healthy volunteer for the global spectral 

resolution of the three frequency intervals plotted over the four time periods. Figure 5a 

shows the results of the low-frequency interval of bowel motility (0.008–0.300 Hz) for 

each healthy volunteer. We found a significant decrease (P < 0.005) in motility index in 

all volunteers but one (volunteer 6), when we compared period 1 and period 4.

For each healthy volunteer, the motility index in the intermediate-frequency in-

terval (primarily breathing motion) of 0.300–0.400 Hz is shown in Figure 5b. The 

trend of the motility index over the four periods differed for each healthy volunteer 

and showed no significant decrease in motility index after administration of glucagon 

except for two volunteers (volunteers 6 and 10). Figure 5c demonstrates the motility 

index of the global resolution for the high-frequency interval (higher order motility 

and breathing motion) of 0.400 to 0.533 Hz of each healthy volunteer. In this interval, 

seven volunteers showed a significant decrease (P < 0.005 in all seven volunteers) in 

motility index when comparing period 1 to period 4, while three others showed a 

small increase (volunteers 1, 3, and 6).

Table 1: P values per quadrant of the fine spectral resolution comparing period 1 to period 4.

Frequency band Quadrant A Quadrant B Quadrant C Quadrant D

Low-frequency interval

0.008-0.033 Hz < 0.0001a < 0.0001a < 0.0001a < 0.0001a

0.033-0.066 Hz < 0.0001a < 0.0001a < 0.0001a < 0.0001a

0.066-0.100 Hz < 0.0001a < 0.0001a < 0.0001a < 0.0001a

0.100-0.133 Hz < 0.0001a < 0.0001a < 0.0001a < 0.0001a

0.133-0.166 Hz < 0.0001a < 0.0001a < 0.0001a < 0.0001a

0.166-0.200 Hz 0.626 0.018a 0.005a < 0.0001a

0.200-0.233 Hz 0.325 0.118 0.056 0.048a

0.233-0.266 Hz 0.001a < 0.0001a < 0.0001a < 0.0001a

0.266-0.300 Hz 0.122 0.004a 0.100 0.033a

Intermediate-frequency interval

0.300-0.333 Hz 0.027a 0.111 0.070 0.624

0.333-0.367 Hz 0.002a 0.253 0.008a 0.050a

0.367-0.400 Hz < 0.0001a 0.005a 0.006a 0.057

High-frequency interval

0.400-0.433 Hz 0.018a < 0.0001a < 0.0001a < 0.0001a

0.433-0.467 Hz 0.013a < 0.0001a < 0.0001a < 0.0001a

0.467-0.500 Hz 0.015a < 0.0001a < 0.0001a < 0.0001a

0.500-0.533 Hz < 0.0001a < 0.0001a < 0.0001a < 0.0001a

a Statistically significant (P < 0.05).
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DiscUssion

This study monitored the glucagon-induced bowel motility changes of 10 healthy 

volunteers with the use of free-breathing continuously tagged MR imaging and 

automated analysis. A significant decrease in bowel motility could be assessed after 

administration of glucagon; this change was seen both at the global spectral resolu-

tion and the fine spectral resolution at the low-frequency interval 0.008–0.300 Hz. As 

expected, no change was seen for the intermediate-frequency interval (0.300–0.400 

Hz), which primarily concerns breathing motion, while a significant change was seen 

Low frequency interval (0.008 – 0.300 Hz)

Intermediate frequency interval (0.300 – 0.400 Hz)

High frequency interval (0.400 – 0.533 Hz)

A

B

C

Low frequency interval (0.008 – 0.300 Hz)

Intermediate frequency interval (0.300 – 0.400 Hz)

High frequency interval (0.400 – 0.533 Hz)

A

B

C

Low frequency interval (0.008 – 0.300 Hz)

Intermediate frequency interval (0.300 – 0.400 Hz)

High frequency interval (0.400 – 0.533 Hz)

A

B

C

figure 5: The motility index of each individual 
volunteer for the global spectral resolution 
plotted over the four time periods. a: Signifi-
cant decrease (P < 0.005) in motility index is 
shown in all volunteers but one (volunteer 6), 
when comparing period 1 and period 4. b: Vol-
unteers 6 and 10 showed significant decrease 
comparing period 1 and 4. c: Motility index 
shows significant decrease in seven volunteers. 
Three volunteers show a small increase when 
comparing period 1 and 4 (volunteers 1, 3, 
and 6).
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for the high-frequency interval at 0.400–0.533 Hz (presumably higher order motility 

and breathing motion), albeit smaller than for the low-frequency interval.

A previous study using tagged MRI for gastric motility measurement in TrueFISP 

MRI also measured motility on the basis of a motility index and found significant 

changes in the motility index after intravenous application of motility-modifying 

agents.8 However, in that study, the taglines were used for providing landmarks for 

the spatial position of the stomach, and quantitative and qualitative analysis was 

performed manually. Our technique allows automated postprocessing. This prevents 

subjective interpretation and is further advantageous for use in a larger number of 

datasets. As the frequency analysis approach reduces workload, it therefore allows 

data acquisition from large datasets, enabling assessment of motion over long time 

periods and study of the low-frequency domain in a large number of volunteers.

We found a decrease of bowel motility index after administration of glucagon. 

This is in accordance with previous studies.12, 14 Froehlich et al.12 demonstrated com-

plete paralysis of small bowel motility when measuring the luminal diameter after 

administration of glucagon. De Iorio et al.14 showed a reduction of phasic luminal 

closure events of the small bowel after administration of glucagon. Furthermore, they 

demonstrated a significant decrease in luminal closure frequency to 0.2 ± 0.1 events 

per minute. This is also in accordance with our results; we found the most prominent 

decrease in motility index in the low-frequency bands of 0.008 to 0.166 Hz for all of 

the four quadrants (Table 1) and the higher frequencies of 0.400 to 0.533 Hz. We 

believe that the motility index of these higher frequencies might have been influenced 

by higher harmonics of the lower frequencies. We did not find complete paralysis of 

bowel motility, which might be related to the fact that we did not subjectively selected 

a small bowel loop, but performed an objective, overall assessment. Furthermore, 

we assessed both small bowel and large bowel motility and glucagon has a more 

prominent effect on the small bowel than large bowel.12,15

Furthermore, in previous studies4,6,12,16 that evaluated the potential role of MRI for 

bowel motility assessment, participants were subjected to breathholds during data ac-

quisition. Continuously tagged MR imaging allows for free-breathing data acquisition.

This study was subject to limitations. As the aim of this study was to examine the 

effect of the spasmolytic agent on bowel motion with MRI, the experiments were not 

placebo-controlled and randomized. Previous studies5,8,12 on bowel motility measure-

ment were dependent on gastrointestinal preparations or ingestion of a video capsule 

enabling depiction of the gastric and bowel lumen. However, continuously tagged MR 

imaging provides contrast by the tagging lines and spectral analysis lacks the necessity 

of visualization of the bowel lumen with the use of a bowel preparation method. 

Nevertheless, to conform to the existing literature, the healthy volunteers in this study 

were also subjected to a bowel preparation, which in future studies can be omitted.
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We analysed quadrants in the centre of the abdomen to ensure measurement 

of the bowel. This has limited the analysis of separate smaller parts of the bowel. 

Motility-modifying substances such as glucagon are known to have different effects 

on motility for different parts of the gastrointestinal tract, e.g., colon and small 

bowel.12,15 The difference in effect on adjacent bowel loops was not measured in our 

analysis, because we averaged the motility measurements over the four quadrants. In 

addition, we could not distinguish small intestinal bowel motility measurements from 

colonic bowel motility measurements. For clinical purposes, this would however be 

required, for instance for diagnosis, and monitoring of motility disorders. However, 

we found differences in motility index between the four quadrants. The decrease in 

motility index for the fine spectral resolution was less obvious for quadrant A for the 

higher frequencies, which could be explained by the different properties of bowel 

structures in different quadrants, as was demonstrated in previous studies.17,18

Furthermore, the aim of this study was to evaluate the feasibility of the technique 

to monitor significant decrease in bowel motility within healthy volunteers. For diag-

nosis and treatment monitoring, this technique should be further evaluated at higher 

spatial resolutions. In addition, the data obtained were not compared with data using 

other imaging modalities, such as ultrasound.19 Ultrasound only evaluates a small part 

of the bowel at once, and the depth of penetration is a limitation of the technique,19-21 

whereas continuously tagged MRI can acquire bowel motility data from a larger part 

of the gastrointestinal tract in one session and without penetration issues. Moreover, 

the results of motility assessment with ultrasound depend on the operators’ experi-

ence, whereas MRI is user independent. However, comparison of different diagnostic 

modalities (e.g., manometry and ultrasound) to determine effectiveness for bowel 

motility assessment is essential for use in the clinical setting.

The read-out period (99 ms) during data acquisition might have allowed for bowel 

motion not to be captured by the tagging pattern. Because this method attempts to 

sample movement in real time, there is an inherent trade-off between the signal to 

noise ratio (SNR), the spatiotemporal resolution, and the size of the sampled volume 

(i.e., the number of slices in the AP direction). MRI accelerating techniques and im-

proved hardware could, therefore, substantially improve the sensitivity. A decrease 

in spatial resolution restricted shortening of the read-out period. Ideally, shortening 

of the read-out period, increased spatial resolution, and higher SNR would improve 

accurate motility measurement with continuously tagged MR imaging.

Furthermore, datasets of 8 min were acquired in this study. The anti-peristaltic 

effect of glucagon on bowel motility after intravenous administration is described 

to last 9 to 20 min.1,12 Therefore, we were unable to measure the effect of onset of 

motility after spasmolysis. The evaluation of bowel motility with continuously tagged 

MR imaging over a longer period of time would provide valuable information on the 
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return to normal motility. Although this is possible with this method, in this study, we 

used glucagon only for establishing a change in baseline motility to evaluate continu-

ously tagged MR imaging.

Continuously tagged imaging cannot distinguish anterograde peristaltic move-

ment from retrograde peristaltic movement, which in this study could potentially lead 

to false negative results for reduced bowel movement. Yet, in previous studies where 

bowel movement was assessed with MRI after administration of a spasmolytic agent, 

reversed peristalsis did not seem to hamper measurement of decreased movement.8,12

The significant decrease in motility index differed for some healthy volunteers be-

tween the various frequency intervals. One volunteer showed no significant decrease 

in motility index for the low- and high-frequency intervals when comparing period 

1 and 4. However, when analysing the differences between the other time periods 

for this volunteer, there was a significant decrease demonstrated between periods 2 

and 3. We hypothesized that glucagon did not influence bowel motility in the same 

manner for each of the healthy volunteers as was also seen in previous studies6,13 as-

sessing bowel motility after administration of a spasmolytic agent, in which complete 

paralysis was obtained in only 6 of 10 volunteers6 and high rates of inter-individual 

differences were found.13

In conclusion, it was demonstrated that, with the use of continuously tagged MR 

imaging, decreased bowel motility following administration of glucagon could be ro-

bustly and automatically assessed. This technique offers a noninvasive method for the 

evaluation of bowel motility with automated postprocessing. Continuously tagged 

MR imaging might be an attractive alternative to conventional tools for diagnosis and 

monitoring of bowel motility disorders.
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