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Abstract
Background: Chronic intestinal pseudo-obstruction (CIPO) is a severe intestinal mo-
tility disorder of which the pathophysiology is largely unknown. This study aimed at 
gaining insight in fasted and fed small bowel motility in CIPO patients using cine-MRI 
with caloric stimulation.
Methods: Eight adult patients with manometrically confirmed CIPO were prospec-
tively included. Patients underwent a cine-MRI protocol after an overnight fast, com-
prising fasting-state scans and scans after ingestion of a meal (Nutridrink, 300 kcal). 
Small bowel motility was quantified resulting in a motility score in arbitrary units (AU) 
and visually assessed by three radiologists. Findings were compared with those in 16 
healthy volunteers.
Key Results: Motility scores (median, IQR) in CIPO patients were 0.21 (0.15–0.30) in 
the fasting state and 0.23 (0.15–0.27) directly postprandially. In healthy volunteers, 
corresponding motility scores were 0.15 (0.13–0.18) and 0.22 (0.19–0.25), respec-
tively. The postprandial change in motility score was +1% (−19 to +21%) in CIPO and 
+39% (+23 to +50%) in healthy volunteers (p = 0.001*). Visual analysis revealed in-
creased small bowel contractility in four, normal in two, and decreased in two CIPO 
patients.
Conclusions & Inferences: Surprisingly, we found hyperactive small bowel motility in 
half of the CIPO patients, suggestive of uncoordinated motility. A wide variation in 
motility patterns was observed, both higher, lower, and comparable contractility com-
pared with healthy subjects. No clear postprandial activation was seen in patients. 
Cine-MRI helps to gain insight in this complex disease and can potentially impact 
treatment decisions in the future.
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1  |  INTRODUC TION

Chronic intestinal pseudo-obstruction (CIPO) is a severe and rare di-
gestive disease with neurogenic and/or myogenic failure of intestinal 
motility, characterized by bowel dilatation and abnormal intestinal 
contractility. Clinical features include abdominal pain and distention, 
vomiting, and difficulty with oral or enteral nutrient intake, which 
seriously impairs patients' quality of life and eventually may require 
chronic total parenteral nutrition.1–4

Chronic intestinal pseudo-obstruction is a heterogeneous dis-
ease and its pathophysiology is largely unclear, resulting in difficulty 
with diagnosis, often requiring invasive measurements. Diagnosis is 
mostly based on clinical symptoms of obstruction, ruling out a me-
chanical obstruction and trying to understand pathophysiological 
features by performing antroduodenal manometry.2,5–8 Manometry 
is an invasive, burdensome, cumbersome and expensive test that 
is not widely available.6–9 For these reasons, there is a demand for 
a noninvasive, more acceptable, and widely available technique to 
gain insight in pathophysiology and diagnosis of CIPO.

Cine-MRI has emerged as a noninvasive method for evaluating 
small bowel motility and previous studies show a decreased contrac-
tility and lower global small bowel motility in CIPO patients com-
pared with healthy volunteers.10–13 However, none of the previous 
studies focused on gaining insight in pathophysiology by measuring 
motility patterns in the fasted and fed state, whereas both feeding 
states can demonstrate disturbances in CIPO patients.9,14 By eval-
uating the transition of fasted to fed small bowel motility, insights 
into the response of the entire small bowel to food can be obtained.

Using cine-MRI, we recently developed a clinically practical ca-
loric stimulation test (food challenge) for small bowel motility using 
a small-volume test meal with high-caloric density.15 We hypothe-
sized that in CIPO patients motility in the fasted and fed state is 
lower compared with healthy volunteers and postprandial activation 
is decreased. Measurement with cine-MRI has the potential to gain 
insight in pathophysiology of this complex disease and to play a role 
in diagnosis in the future. Hence, the aim of this study was to use 
cine-MRI and caloric stimulation to gain insight in fasted and fed 
small bowel motility patterns of CIPO patients.

2  |  MATERIAL S AND METHODS

2.1  |  Ethical

Ethical approval was obtained at the Institutional Review Board at 
Amsterdam UMC, location Meibergdreef (2018_059 and 2015_259). 
All included subjects gave written informed consent prior to inclusion.

2.2  |  Population

Nine patients, previously diagnosed with CIPO based on clinical 
symptoms of intestinal obstruction, radiologically dilated bowel 

loops and typical findings at antroduodenal manometry were in-
cluded prospectively. Manometry was deemed compatible with a 
neuropathic CIPO if there was an abnormal propagation of phase 
3 of the migrating motor complex (MMC) and a myopathic CIPO in 
case of an abnormally low contraction amplitude or a combination of 
these two.5 Data gathered from 16 healthy volunteers included in a 
previous study15 were used to compare the CIPO patients' data with 
normal findings. Exclusion criteria for both groups were unable to 
give informed consent and contra-indications for MRI. For healthy 
volunteers, a history of abdominal surgery, gastrointestinal diseases, 
or current gastrointestinal symptoms were also exclusion criteria.

2.3  |  Study design

All CIPO patients underwent a cine-MRI scanning protocol after 
an overnight fast and received a stimulus in the form of a 300-kcal, 
200-ml liquid test meal (Nutridrink juice style, apple flavor, Nutricia, 
Zoetermeer, The Netherlands). The meal contained per 100 ml: en-
ergy 150 kcal, protein 3.9 g, carbohydrate 33.5 g, and fat 0 g. This 
meal was also given to the included healthy volunteers, in whom it 
was well tolerated and stimulated motility.15 Because one CIPO pa-
tient had an aversion to the taste of this test meal, in this patient it 
was substituted by a 278-kcal, 230-ml drink (Milkshake, vanilla fla-
vor, Desira, Molkerei Gropper GmbH & Co. KG, Bissingen, Germany). 
This meal contained per 100 ml: energy 120 kcal, protein 3.6 g, car-
bohydrate 14 g, and fat 5.5 g. Motility-influencing medications (in-
cluding prokinetics, antibiotics, and analgesics) were stopped 48 h 
before the scan.

2.4  |  MRI protocol

In CIPO patients, two MRI scans in the fasted state were performed, 
with an interval of 10 min between scans. This time period was cho-
sen to possibly take into account the phases of the migrating motor 
complex16 while maintaining a scanning protocol with reasonable 
length. Subsequently patients ingested the test meal via a straw 
while lying supine in the MRI scanner. After ingestion of the meal, 
patients underwent three postprandial scans: one directly after 

Keypoints

•	 Small intestinal motor activity in CIPO patients is vari-
able in the fasted and fed state, ranging from decreased 
to increased compared with healthy volunteers.

•	 No clear postprandial activation is observed in CIPO 
patients.

•	 Cine-MRI helps to gain insight in this complex disease 
and can potentially impact treatment decisions in the 
future.
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finishing, one approximately 10 minutes and one 20 minutes after 
the test meal. The healthy volunteers underwent a similar scanning 
protocol (one fasted scan, one scan directly postprandial and one 
20 minutes postprandial). In CIPO patients, scans were made at two 
additional time points to obtain extra information but these were 
not used in further comparisons with healthy volunteers.

All scans were performed on a 3 T MRI scanner (Ingenia, Philips, 
Best, the Netherlands) in supine position. No bowel preparation 
was used. An anterior coil covering the abdomen was used and a 
posterior coil in the table. After anatomical planning sequences, 
a coronal dynamic single slice 2D balanced fast-field echo (bFFE) 
sequence captured small bowel motility during a 20-second 
breath-hold. Scan parameters in CIPO patients were TE/TR: 
1.13/2.27 ms, flip angle: 20°, FOV: 400 × 400 mm (FH ×LR), slice 
thickness 10 mm, spatial resolution: 1.8. × 1.8 x 10 mm, and tem-
poral resolution: 2 frames per second (fps). Scans parameters in 
healthy volunteers were TE/TR: 0.89/1.90 ms, flip angle: 20°, FOV: 
400 × 400 mm (FH × LR), spatial resolution: 2.5 × 2.5 × 10 mm, and 
temporal resolution: 10 fps. The scans of healthy volunteers were 
undersampled to a temporal resolution of 2 fps to ensure compa-
rability with patient scans. A 3D coronal bFFE scan was used to 
plan the dynamic 2D slice in a plane containing the greater part of 
the small bowel.

2.5  |  Quantified motility analysis

Small bowel motility was quantified using a validated post-pro-
cessing algorithm, GIQuant (Motilent, London, UK). This method 
is based on measuring displacement using the standard deviation 
of the Jacobian and results in a single numerical motility score in 
Arbitrary Units (AU).17,18 To account for dilated bowel loops, an 
edge detection algorithm was used on the motility registration 
reference image (Figure 1). A region of interest (ROI) was drawn 
around the small bowel on the reference image, and then instead 

of averaging all pixels within the ROI (as usual), an edge detection 
algorithm was used to provide a binary mask. This mask was ap-
plied to the GIQuant motility map, thereby excluding the binary 
masks’ “zero” values from the analysis, resulting in a final motil-
ity map including mainly bowel wall and excluding areas not de-
tected as an edge, which mostly corresponds with (air-filled) bowel 
lumen. Only the pixels within the final motility map were averaged 
to calculate the motility score, which provides a specific motil-
ity score for the bowel wall rather than the lumen to reduce the 
average effect of grossly abnormal small bowel diameter. Scans 
of CIPO patients were analyzed and scans of healthy volunteers 
were re-analyzed with the described technique. The small bowel 
was delineated by the study coordinator with >3 years of experi-
ence using MATLAB R2019a (The MathWorks, Natick, MA, USA), 
and delineations were checked by an abdominal radiologist with 
25 years' experience.

2.6  |  Visual analysis

Visual assessment of cine-MRI scans of CIPO patients at both fasted 
time points, immediately and 20  minutes after the test meal, was 
carried out independently and blinded by three abdominal radi-
ologists (1, 6 and 25 years' experience, respectively). Scoring items 
were drawn up by an experienced abdominal radiologist, a neuro-
gastroenterologist, and the study coordinators based on previous lit-
erature10–12 and global visual assessment. Each cine-MRI of a CIPO 
patient was assessed in random order, against three random healthy 
volunteers' scans (as a reference) at the corresponding time point. 
Visual assessment was comprised out three items: “small bowel mo-
tility,” scored on a 5-point scale (markedly decreased to markedly 
increased contractility), “small bowel content,” scored on 4-point 
scale (normal, increased gas, increased fluid, or increased gas and 
fluid), and maximal luminal diameter measured in cm, with diameters 
>3 cm interpreted as distension.19 The 5-point scale for small bowel 

F I G U R E  1 Edge detection method. A, shows a reference image of a cine-MRI scan on which the region of interest, the small bowel, is 
delineated. Within this region of interest edge detection is applied, resulting in the edge detection map (B), all black areas in this map are 
excluded from the calculation of the motility score. The motility score is calculated from the final motility map (C), with areas of high motility 
in red and low motility in blue.

(A) (B) (C)
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motility was afterward merged to a 3-point scale: “decreased,” “nor-
mal,” and “increased” contractility.

The final score for the categorical variables was determined by 
the agreement of at least two out of three radiologists. In case, the 
three observers disagreed a consensus meeting, which was held to 
determine the final score. For the luminal diameter, the average of 
three observers was calculated.

2.7  |  Cine-MRI and manometry motility patterns

We described the predominant motility pattern at cine-MRI as a 
hyperactive, a normoactive, or a hypoactive motility pattern. The 
hyperactive motility pattern was defined quantitatively as a mo-
tility score above the healthy interquartile range (IQR) in at least 
three out of four time points and visually as an increased motil-
ity in at least three out of four time points. The normoactive and 
hypoactive pattern were defined similarly as the hyperactive pat-
tern, but with a motility score within the IQR and visually normal 
motility for a normoactive pattern and a motility score below the 
healthy IQR and visually decreased motility for a hypoactive pat-
tern. The motility patterns on cine-MRI were described in rela-
tion to the motility patterns from previously obtained manometry 
measurements.

2.8  |  Statistical analysis

Quantified motility was presented as medians with IQRs. Visual 
scores were presented as frequencies and percentages. To assess 
the response to the test meal, a percentual effect size was calculated 
((postprandial score-baseline score)/baseline score*100) directly 

postprandially and 20 min postprandially because these time points 
could be matched with the healthy volunteers. The two fasted meas-
urements in CIPO patients were averaged to establish the baseline. 
Differences in response to the test meal between CIPO patients and 
healthy volunteers were compared with the Mann-Whitney U test. 
A p-value of < 0.05 was considered significant.

3  |  RESULTS

Nine patients with CIPO were included (4 females, median age 68, 
range 25–75  years) and findings compared with 16 healthy vol-
unteers (6 females, median age 25, range 19–37 years). One pa-
tient could not sustain the protocol due to severe back complaints 
and problems with ingesting the test meal and was excluded. 
Patient characteristics of the eight included patients are shown in 
Table 1. In CIPO patients, manometry had been performed median 
50 months (range 9–89 months) before inclusion. Patients fasted 
median 13 h (range 6–19 h) before undergoing the scanning pro-
tocol. In all patients, ingestion of the test meal was well tolerated. 
One patient was unable to drink through a straw because of previ-
ous lip surgery and sat up on the scanning table for ingestion of 
the test meal.

3.1  |  Quantified motility

Figure 2 shows the quantified motility scores over time. Fasted small 
bowel motility in CIPO patients was 0.21 (0.14–0.26) at time point 
one and 0.18 (0.13–0.21) at time point two. Fed motility in CIPO pa-
tients directly, 10 minutes, and 20 minutes after the meal was 0.23 
(0.13–0.26), 0.20 (0.13–0.25), and 0.20 (0.15–0.24), respectively.

TA B L E  1 Patient characteristics

Patient Gender Age (years)
Manometry 
pattern

Time since manometry 
(months)

Underlying cause 
of CIPO Treatmenta 

A Male 73 Myopathic 43 Idiopathic Pyridostigmine

B Female 72 Myopathic 24 Scleroderma Magnesium oxide and 
TPN

C Male 68 Neuropathic 69 Idiopathic None

D Female 34 Neuropathic 89 MEN IIB Pyridostigmine, 
erythromycin, 
metronidazole/
ciprofloxacin, 
magnesium oxide

E Male 67 Neuropathic 23 Idiopathic Erythromycin, 
amoxicillin/
clavulanate

F Male 66 Myopathic 56 Scleroderma None

G Female 25 Neuropathic 65 Idiopathic None

H Female 75 Myopathic 9 Idiopathic TPN, PEG-J

Abbreviations: MEN, Multiple endocrine neoplasia; PEG-J, Percutaneous endoscopic gastrostomy-jejunal tube; TPN, Total parenteral nutrition.
aat time of the MRI (motility-influencing medications were temporally stopped 48 h prior to the MRI). 
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In healthy volunteers, the fasted motility score was 0.15 (0.13–
0.18) and motility scores directly after the test meal and 20 minutes 
thereafter were 0.22 (0.19–0.25) and 0.22 (0.18–0.26), respectively.

3.2  |  Postprandial activation

In Figure  3, the effect of the test meal on small bowel motility is 
visualized. The effect size (median [IQR]) in CIPO patients was +1% 
(−19 to +21%) directly postprandial and +5% (−15 to +18%) 20 min 
postprandial, being significantly lower than in healthy volunteers 
(p = 0.001* and p = 0.004*). In healthy volunteers, motility increased 
+39% (+23 to +50%) directly postprandial and +57% (+29 to +74%) 
20 min postprandial.

3.3  |  Visual assessment

In total, 32 cine-MRI scans of eight CIPO patients were assessed 
visually. In 25% (8/32), decreased contractility was observed, in 25% 
(8/32) normal contractility and in the other 50% (16/32) increased 
contractility. Small bowel content was normal in 31% (10/32), the 
remaining scans showed increased gas, increased fluid or both in-
creased gas and fluid in 25% (8/32), 28% (9/32), and 16% (5/32), re-
spectively. In 72% (23/32), the measured diameter was larger than 
the upper limit for healthy small bowel (3 cm) (Figure 4).

3.4  |  Cine-MRI quantified and visual assessment

Figure 5 shows the quantified small bowel motility and visually as-
sessed contractility per patient. In seven patients, the quantitative 
assessment matched the visual assessment in at least three out of 
four time points. Three of these seven patients showed a hyperac-
tive pattern (A, C, and D), two a normoactive pattern (E and F) and 
two a hypoactive pattern (B and H).

The remaining patient (G) showed a hyperactive pattern on visual 
assessment but a normoactive pattern on quantitative assessment.

A cine-MRI scan of a CIPO patient with hyperactive motility (pa-
tient A) and hypoactive motility (patient H) can be found in the sup-
plementary material online Video S1 and Video S2.

3.5  |  Manometry vs. cine-MRI assessment

Four patients showed a myopathic motility pattern at the previ-
ous antroduodenal manometry measurement, at cine-MRI one 
of these four patients (A) showed a hyperactive pattern, one (F) a 

F I G U R E  2 Quantified global small bowel motility. Every line 
represents the motility scores of an individual CIPO patient at 
two fasted time points and three postprandial time points. The 
orange dashed line represents the median motility score in healthy 
volunteers (interquartile range in gray)

F I G U R E  3 Effect of the test meal on small bowel motility. Dot plot (A) representing change between baseline motility and direct 
postprandial motility, p = 0.001* and (B) representing change between baseline motility and 20 minutes postprandial motility, p = 0.004*. 
The horizontal lines represent the median.
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normoactive pattern and two (B and H) a hypoactive pattern, both 
quantitatively and visually.

The remaining four patients showed a neuropathic motility pat-
tern at the previous antroduodenal manometry measurement. At 
cine-MRI, two of these four patients (C and D) showed a hyperactive 
pattern and one of these four patients (E) showed a normoactive 
pattern both quantitatively and visually. The remaining patient (G) 
showed a normoactive pattern at the quantitative measurement but 
had a hyperactive pattern visually.

4  |  DISCUSSION

In this study, using cine-MRI and caloric stimulation, we recorded 
real-time images of fasting and postprandial bowel motility in CIPO 
patients with the aim to increase insight into the pathophysiology. 
A wide variation in intestinal motor activity was observed, ranging 
from increased, to similar and decreased motility, as compared to 
healthy subjects. Surprisingly, we found hyperactive small bowel 
motility in half of the CIPO patients. Since transit is delayed rather 
than accelerated in CIPO, this is suggestive of uncoordinated motil-
ity. Also, a decreased postprandial activation of small bowel motil-
ity was observed in CIPO patients after a caloric stimulus compared 
with healthy volunteers.

Cine-MRI in different physiological states provides novel in-
sight in bowel motility of CIPO patients. Our finding of hyperac-
tive small bowel motility is not in agreement with previous studies 
using cine-MRI in CIPO.10–12 Ohkubo et al. observed less segmen-
tal peristalsis and measured decreased segmental contractility 

in CIPO patients compared with healthy volunteers and irritable 
bowel syndrome (IBS) patients.10 In addition, Menys et al. found 
lower global small bowel motility in CIPO patients compared with 
healthy volunteers.11

One of the explanations for these contradicting results could be 
the difference in use of oral preparation. Recently, it has been shown 
that oral mannitol preparation has a prokinetic effect in healthy vol-
unteers.15 Ohkubo et al10 used bowel preparation only in control 
groups and not in CIPO patients. Therefore, in that study nonacti-
vated bowels of CIPO patients were compared with activated bow-
els of the control groups. This might explain the relatively decreased 
motility in CIPO patients.

In the study by Menys et al11 bowel preparation was ingested 
by both CIPO patients and healthy volunteers. Thus, the measured 
decreased motility in CIPO patients indicates a reduced capability 
to activate motility. Successful ingestion of the total volume of the 
mannitol solution was not reported, however, and results may have 
been influenced by incomplete bowel preparation, and hence less 
stimulation, in a subgroup of patients. Furthermore, the quantifica-
tion technique used in that study was partly the same as used in 
our study, but edge detection was not yet available, which might 
have resulted in an erroneously low motility score in patients with 
severely distended bowels. The differences between the results of 
our study and previously reported findings highlight the complex-
ity of the disease and reflect the influence of (patho) physiology on 
measurement and interpretation of intestinal motility patterns. To 
move forward with this technique in diseased populations, it is of 
great importance that we use standardized techniques across the 
field. The use of feeding instead of oral bowel preparation has the 

F I G U R E  4 Maximal luminal diameter per patient. Small bowel luminal diameter at four time points per patient (A–H) is shown. The dashed 
line at 3 cm represents the upper limit of normal small bowel luminal diameter; above this line is interpreted as distension.
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benefit of being more tolerable to participants and is therefore more 
likely to be used successfully.

In our study, the caloric stimulus induced a significantly lower ef-
fect on motility in CIPO patients than in healthy volunteers, indicat-
ing an impaired response to food. Thus far, the absence of a normal 
transition from fasted to postprandial motility in CIPO patients was 
assessed with manometry,9,14 and this study is the first in which this 
abnormality was demonstrated with MRI. The use of a small-volume, 
liquid meal as a clinical diagnostic test is appealing since it is easy to 
use and well tolerated.15 MRI assessment of the motility pattern at 
baseline in combination with an impaired response to food could be 
valuable for diagnosis of CIPO.

Furthermore, the clearly distinguishable intestinal motor pat-
terns detectable with cine-MRI, both visually and quantitatively, 
can potentially play a role in the management of CIPO. The ob-
served visual patterns might be relevant for decision-making 
in treatment, for example, in the selection of drug treatment. 
Treatment with prokinetics in hyperactive bowel motility seems 
paradoxical, whereas logical in patients with a hypoactive motility 
pattern. Interestingly, of the four patients with visually increased 
motility, three showed the most dilated bowels of all eight CIPO 
patients, suggesting that there might be a relation between in-
creased air content and increased motility. Moreover, an added 
value of the quantification technique is that it allows detection 

of more subtle changes in motility, which can support treatment 
monitoring. The simple way of visualizing motility patterns show 
that this tool is clinically useful in assessment of motility patterns 
and support clinical implementation.

Cine-MRI has clear advantages toward antroduodenal manome-
try, which is the current reference standard for small bowel motility 
measurements. Cine-MRI is noninvasive and widely available and 
has the ability to visualize the entire small bowel. We used antroduo-
denal manometry as an inclusion criterion to ascertain the presence 
of enteric dysmotility; in addition, it provided us with knowledge 
on the motility patterns. We would expect a hypo- or normoactive 
motility pattern at cine-MRI to match myopathic CIPO and a hyper-
active pattern to match neuropathic CIPO. This assumption is valid 
in six out of eight patients if we compare manometry with the vi-
sual assessment on cine-MRI. If we look at the other two patients, 
one showed a myopathic pattern at manometry but a hyperactive 
pattern at MRI, possibly a result of severe bowel dilatation resulting 
in incomplete contractions and low amplitudes at manometry. The 
other patient had a neuropathic pattern at manometry but no clear 
abnormalities at MRI and symptoms had dissolved with treatment.

The time frame during which intestinal motility is recorded 
with cine-MRI is much shorter than what is customary in antrodu-
odenal manometry; nevertheless, our results show that cine-MRI 
captures clear visual motility patterns. Therefore, it is likely that 

F I G U R E  5 Quantified and visually assessed small bowel motility per CIPO patient. For patients A–H, a MRI slice is shown and graphs with 
quantified and visual motility assessment at four time points. The left graph shows the quantified motility scores and the orange dashed line 
represents the median motility in healthy volunteers with the interquartile range in gray. The right graph shows the visually assessed small 
bowel motility, with the upwards arrow on the y-axis representing increased motility and vice versa.

(A)

(B)

(C)

(D)

(E)

(F)

(G)

(H)
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this MRI technique can be used as a tool that provides useful in-
formation on motility patterns that may help in the management 
of CIPO patients.

The acquisition and post-processing techniques used in our 
study affected the resulting measurements. For example, since mo-
tility was assessed on 2D cine-MRI slices, global small bowel mo-
tility at that slice location is captured and not motility in the entire 
bowel volume. In addition, in one patient the quantification tech-
nique resulted in a normal motility score while visually motility was 
increased. Looking at the scan of this patient half of the delineated 
area (small bowel) consisted of hyperactive bowels while the other 
half contained bowel loops with less movement. Using the quantifi-
cation technique, this averages to a global motility score within the 
healthy range, while visually the pattern is interpreted by the ra-
diologists as predominant hyperactivity. Notable is that the motility 
scores of the healthy volunteers differed some from the previously 
published scores,15 this can be explained by the lowered temporal 
resolution of the MRI scans (undersampled from 10 to 2 fps) and 
by the analysis of the motility scans with the newest, CE-marked 
algorithm of Motilent. In contrast to the research version of the al-
gorithm that was used in the previous study,15 the CE-marked algo-
rithm includes breathing correction.17,18,20

Because CIPO is a rare disease and strict inclusion criteria were 
applied, including abnormal findings at antroduodenal manometry, 
the sample size in this study is small. Another limitation is that the 
median age of the CIPO patients was higher than of the healthy 
volunteers. It has been reported that there is no effect of age on 
small bowel motility measured with antroduodenal manometry,21 
but the effect of age on cine-MRI motility measurements remains 
unclear. However, the extremely abnormal motility observed in 
CIPO patients and the absence of postprandial response is unlikely 
to be explained only by an age difference. It would be valuable to 
evaluate the effect of age on small bowel motility measurements 
with cine-MRI in the future. Furthermore, in most patients there is 
a large time difference between the manometry measurement and 
the cine-MRI measurements which complicates comparison of the 
two techniques. To our knowledge, no studies on changes over time 
in manometry motility patterns in CIPO exist, which complicates a 
statement on if the motility pattern at diagnosis remained present at 
time of the MRI measurement.

In this study, we found various motility patterns in CIPO patients 
in the fasted and fed state with an unexpected hyperactive pattern 
in half of the patients. The clearly distinguishable patterns assessed 
on cine-MRI increase understanding of physiology in this complex, 
heterogeneous disease and can potentially play a pivotal role in di-
agnosis and treatment strategies in the future.
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