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Functional neuroimaging studies have revealed the importance of the role of cognitive and psychological factors and the dysregulation
of the brain-gut axis in functional gastrointestinal disorder patients. Although only a small number of neuroimaging studies have
been conducted in functional gastrointestinal disorder patients, and despite the fact that the neuroimaging technique requires a high
level of knowledge, the technique still has a great deal of potential. The application of functional magnetic resonance imaging (fMRI)
technique in functional gastrointestinal disorders should provide novel methods of diagnosing and treating patients. In this review,
basic knowledge and technical/practical issues of fMRI will be introduced to clinicians.
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Key Words

Brain; Functional magnetic resonance imaging; Functional neuroimaging; Gastrointestinal diseases

Introduction

Functional gastrointestinal disorders (FGIDs) are associated
with functional and histological changes of gastrointestinal com-
partments such as gastric motility, visceral sensitivity, and inflam-
mation. Our understanding of the underlying pathophysiological
mechanisms is, however, limited. The advent and development of
functional neuroimaging techniques in humans has facilitated the
investigation of bottom-up processes—brain activations generated

by signals from the periphery—and top-down processes—the ef-
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fect of cognitive and psychological factors—in healthy volunteers.
Functional neuroimaging is now recognized as an objective and ac-
curate tool in the exploration of the central mechanism of functional
disorders. Over the past few years, evidence from functional neuro-
imaging studies has endorsed the hypothesis that the dysregulation
of the brain-gut axis (neuronal and hormonal interactions between
the brain and the gut) is a key factor in FGIDs. According to previ-
ous reviews, ™ the functional alterations in sensory, emotional, pain-
related, and homeostatic brain areas (changes of the brain function
in frontal cortex, somatosensory cortex, insula, anterior cingulate

cortex, thalamus, hippocampus, and amygdala) are the important
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pathogenic factors in FGIDs. Most present-day studies involve pa-
tients with irritable bowel syndrome (IBS) and functional dyspepsia
(FD) and although several other functional neuroimaging methods
are available, functional magnetic resonance imaging (fMRI) has
proved to be the most frequently applied technique. Functional
MRI is completely non-invasive, sensitive to task-related or non-
task-related (resting state) brain activation, with high spatial (a
few millimeters) and acceptable temporal (a few seconds) resolu-
tion, and facilitates deep brain structure and brain stem-imaging.
Moreover, due to the availability of standard analysis tool boxes and
tremendous advances in analysis methods, from univariate to multi-
variate analysis, fIMRI has become increasingly popular in cognitive
and clinical neuroscience studies.

In this review, we present the technical and practical issues of
fMRI and show its application in FGIDs-related studies—with
emphasis on IBS and FD patients—to improve clinicians’ under-
standing of the merits of fIMRI studies as well as of their possible
limitations. Subsequently, we also propose future approaches in this
field to further knowledge of FGIDs.

A Hemodynamic response function (HRF)

Hemodynamic response
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Brief Overview of the Functional Magnetic
Resonance Imaging Technique

MRI has already been used to investigate tissue properties. In
the 1990s, MRI was also deployed to measure the blood oxygen
level dependent (BOLD) contrast in the investigation of functional
activations in the brain.” Activation of neurons in the brain leads to
the consumption of oxygen as well as to an increased flow of blood
in the surrounding area (hemodynamic response). These changes
result in magnetic field distortions in the brain tissue. To record
these changes, the different relaxation times of the protons are
measured by a constant magnetic field (nowadays, most fIMRI sys-
tems use 1.5-7.0 Tesla, the strength of the constant field is a major
determinant of the signal strength) and a superimposed gradient
magnetic field. A BOLD fMRI signal (increased signal intensity
of T2*-weighted images) is determined by a combination of blood
flow, volume, and relative oxygenated hemoglobin level. The tem-
poral signal recorded by BOLD fIMRI (Fig. 1B) lies in the range
of seconds and does not correspond directly to neuronal activity, but
provides a hemodynamic proxy. For the analysis and interpretation
of BOLD fMRI, the hemodynamic response function (HRF; Fig.
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Figure 1. Example of hemodynamic response (A) and time series blood oxygen level dependent (BOLD) signal from a voxel (B). (A) Neurons
respond rapidly to internal or external changes and allow the alterations of blood flow and oxygenation in the close area (hemodynamic response)
that drives the peak of BOLD signal few seconds after the onset of internal or external changes. BOLD signal slowly returns to baseline level fol-
lowing an undershoot. (B) Within the field of view, each slice consists of a certain number of voxels determined by the size of the measurement ma-
trix. The BOLD signal of each voxel is recorded at consecutive time points and this time trace is further analysed to interfere with functional brain

activation.
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1A) that describes the temporal derivative of the BOLD signal
related to the neuronal activity must be determined. Most studies
now use a homogenous HRF for the whole brain; a fixed model
of temporal changes of BOLD signal due to the neuronal activity
responding to external stimuli or changes of internal states, which
peaks roughly 4-5 seconds after the neuronal event. HRF gener-
ates the anticipated BOLD signal which identifies the activation
map of brain function (see below, Analysis of Functional Resonance
Imaging Image section), and various methods have been proposed
with which more spatially or temporally accurate HRF could be
retrieved so as to improve fMRI analysis.*’

'To derive changes in neuronal activity, relative changes of signal
intensity (contrast) are measured rather than absolute fMRI signal
intensity. Furthermore, fMRI can be used to obtain not only the rel-
ative BOLD signal but also quantitative perfusion measurements.
Arterial spin labeling is used to measure the cerebral blood flow by
detecting the signal of magnetically labeled arterial blood.”” The use
of a quantitative measure enables us to more easily draw compari-
sons between studies. In this review, we will focus on BOLD con-
trast. Glossary of terms for fMRI is summarized in Supplementary
Table.

A Block design

Example 1

Rest TASK A Rest TASK A

How to Perform and Interpret fMRI Studies in FGIDs

How Is an Functional Magnetic Resonance
Imaging Study Performed?

Design of an Functional Magnetic Resonance
Imaging Study

Not all fMRI study designs are identical, and the designs are
adapted depends on the type of research (basic/translational/clinical
research, uncontrolled or controlled clinical trials, case reports, etc)
and the purpose of the study. At present, most task-related study de-
signs are either block (Fig. 2A) or event-related designs (Fig. 2B).
‘Traditionally, various cognitive tasks, such as perception, attention,
learning, memory, language skill, emotion, and motor related tasks,
were applied in fMRI studies to identify the location or network
of cognitive functions in the brain. However, interest in non-task-
related brain activations, known as resting-state fIMRI (rs-fIMRI)
in which participants’ brain are imaged during resting without any

specific tasks, has increased.

Task functional magnetic resonance imaging and
resting-state functional magnetic resonance imaging

In early fMRI studies, fMRI signal responses to the repeated
task (or stimulation) during a relatively short time interval were
averaged and compared. For example, several blocks of Task A (or
Stimulus A) and resting (no task; Fig. 2A, Example 1) or Task A,

Rest TASKA | °°°

Example 2

Rest |[TASKA| Rest |[TASKB| Rest |TASKA| Rest [TASKB

B Event-related design

Example 1 — —
Rest Rest

Figure 2. Examples of block design
(A) and event-related design (B). (A)
Example 1 shows the block design with
a single task (Task A) and Example 2
°°°  with multiple tasks (Task A, B). (B)

Rest Event-related design with a single task

TASK A TASK A

Example 2 — _
Rest Rest

TASK A

(Example 1, Task A) and multiple tasks
(Example 2, Task A, B). In both de-
signs, the number of tasks and time du-
H rations are laid down in accordance with

the type of task, hypothesis, and planned

TASKA TASK B

TASKB TASKA

analysis scheme.
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Task B (control condition), and resting (Fig. 2A, Example 2) are
presented alternately. In the former case, averaged fIMRI signals of
blocks of Task A were compared to signals of blocks of resting to
show Task A-related increase (Task A > resting) or decrease (rest-
ing > Task A) of BOLD signal in the brain regions. In the latter
case, a comparison between the baseline-corrected signals during
Tasks A and B revealed that different brain activities were associ-
ated with each task. In some cases, two different types of task are
delivered simultaneously, eg, pain stimulation during the attention
demanding task,’ or the basic condition of participants, eg, hunger
or satiety, could be modified.” Due to its comparatively high statisti-
cal power and large signal changes, block design is an efficient and
sensitive method for detecting task-specific brain activations.™"' In
a block-design fMRI study, a series of identical tasks (stimuli) are
delivered in single block, whereas an event-related design measures
the fMRI signal of each single task (stimulation). This approach
improves the flexibility of the design by order randomization (which
suppresses participants’ prediction of the following task) or by post-

hoc subgroup analysis (eg, correct vs incorrect tasks).

Design of functional magnetic resonance imaging
studies in Functional gastrointestinal disorders

In fMRI studies, visceral distention is the most frequent stimu-
lation performed on patients with FGIDs. The balloon distention
method now consists of a bag-type balloon which is placed in an
upper or lower gut compartment and distended (supra- or sublimi-
nally) by a barostat.”” This measures the brain response to visceral
stimulation in, for example, patients with IBS."** Auditory™* and
somatic pain stimuli"”* were also delivered to patients with IBS in
fMRI studies. The results indicate that dysfunction of brain re-
sponses in patients is caused not only by visceral sensation but also
by non-visceral stimuli, auditory and somatic pain. Cognitive tasks,
such as affect matching paradigm,® Wisconsin card sorting test,”
emotion recognition paradigm,” and attention network test,” have
also been investigated in patients with IBS. Psychological factors
such as anxiety and depression were also examined and correlated
with brain activation or network parameters in IBS or FD patients.
Moreover, fMRI results were reported as the primary outcome

37,51,52 .
and brain responses to the

in case report” and clinical trials,
treatment itself "’ were examined to ascertain the effect or neuronal
mechanisms of pharmacological or non-pharmacological treatments
(acupuncture, moxibustion, hypnosis, etc). In such cases, fIMRI
data were usually obtained before, during, and after the treatment
(repeated measurements).

Resting-state fMRI has already been carried out in a number

of studies with IBS™* and FD patients”® and its use continues
to increase. Functional connectivity, (fractional) amplitude of low-
frequency fluctuations (()ALFF), regional homogeneity (ReHo),
independent component analysis (ICA), clustering, and graph the-
ory analysis (see below, Advanced analysis) have been used as well
as correlation analyses between the effect of adverse history, anxiety

and depression, symptom severity, and the brain activity.

Analysis of Functional Magnetic Resonance
Image

The initial goal of fIMRI analysis was to identify voxels in the
brain that show significant differences between tasks or against rest.
In the history of fMRI analysis, great emphasis has always been
placed on reducing noise and artifacts and on developing methods
to deal with the multiple comparison problem caused by the large
number of voxels. The localization of those specific brain regions
activated during experimental conditions and its interaction with
behavior and cognitive function data (task outcomes, physiological
measurements, subjective ratings, questionnaire values, symptom
severity, etc) were the primary goals of early fMRI studies (task-
fIMRI). A newly developed approach to fIMRI analysis reveals pat-
terns of fIVIRI signals such as temporal correlation-based functional
connectivity, (NALFE ReHo, ICA, clustering, and graph theory
analysis in both task-based and rs-fIMRI. For example, if a fluctua-
tion of a time series signal of voxels corresponds to the timing of a
certain task in task-based fMRI, then we can detect these voxels
with general linear model (GLLM). On the basis of the availability
of the HRF and the known onset and duration of tasks, an antici-
pated BOLD signal could be generated (input function X HRF
= expected BOLD response; Fig. 3A). The expected BOLD sig-
nal is utilized to estimate the task-specific activation of voxels. For
example, in GLLM, the linear relationship between observed (from
voxels, dependent variable, blue signal in Fig. 3B) and expected
(from HRE independent variable, red signal in Fig. 3B) BOLD
signal is estimated. The voxels whose observed BOLD signal cor-
responds significantly to the expected BOLD signal, as in Figure
3B, could be defined as the activated voxels following the task.

The sequence of any fMRI analysis is (1) preprocessing, (2)
single subject analysis, (3) group analysis, and (4) additional analy-
sis and visualization. A number of software programs and scripts
have been developed for each step of an fMRI analysis. In general,
statistical parametric mapping (http://www.fil.ion.ucl.ac.uk/spm/),
FMRIB software library (http://fsl.fmrib.ox.ac.uk/fsl/fslwiki/),
analysis of functional neurolmages (https://afni.nimh.nih.gov/afni/),
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A Generation of expected BOLD signal using HRF

How to Perform and Interpret fMRI Studies in FGIDs
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B Example of observed and expected BOLD signal in block design
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Figure 3. Illustration of expected and
measured blood oxygen level dependent
(BOLD) signal from single voxel in task
functional magnetic resonance imaging.
(A) Example of expected BOLD signal
using hemodynamic response func-
tion (red). (B) Illustration of measured
BOLD signal in task-specific activated
voxel (blue) and simulated BOLD sig-
nal (red) from (A). In the general linear
model, the linear relationship between

Time (sec)

BrainVoyager (http://www.brainvoyager.com/), and additional
toolboxes for certain analysis are used. Since the terminology and
the steps of analysis differ considerably between the various kinds
of software, we will confine ourselves to describing the process of
analysis on the basis of the BOLD signal analysis with statistical

parametric mapping.

Statistical Power

As with other types of studies, it is prudent to perform a sta-
tistical power analysis before conducting the main fMRI study. To
obtain an optimal statistical power (the probability of rejecting the
null hypothesis when it is false), it is vital that the effect size and the
sample size be taken into consideration. The size of effect is influ-
enced by the sequence parameters, type of task, study design, inter/
intra-variability of the sample data, and the sample size. The latter
can easily be controlled by the experimenter. If the anticipated effect
size is taken from pilot data or open source data from fMRI data-
bases, a power analysis can be conducted before embarking on the
main study to determine the optimal sample size.”””’ Desmond and
Glover’ tested simulated fIMRI data to estimate the statistical pow-
er. They ascertained that a minimum of 12 subjects is required to
ensure 80% power at oo = 0.05 at the single voxel level and almost

twice as many are necessary to achieve the same power level after

1
150 observed (blue) and expected BOLD
signal (red) is estimated.

multiple comparison correction. However, Yarkoni”* claimed that
the results in fIMRI studies with a small sample size were overesti-
mated and proposed that 50 is a reasonable sample size. At present,

sample sizes below 20 are generally considered to be rather small.
Task Functional Magnetic Resonance Imaging

Preprocessing

Preprocessing is necessary to modify the recorded fMRI sig-
nal into statistical analyzable data by correcting artifacts and noise
generated either by the MRI scanner (acquisition timing) or by
participants (head motion, inter-participant variability in anatomical
features).

(1) Slice timing correction (temporal preprocessing): the brain
in the field of view is repeatedly scanned every few seconds and one
scan image is composed of several slices (planar image) of the brain.
In other words, the slices in one scan image are not collected con-
currently (Fig. 1B). o increase the time-sensitive effects, all times
series of each slice are adjusted to the acquisition time of one slice
(reference slice).

(2) Realignment (spatial preprocessing): participants’ head
motions, which produce signal noise and voxel mismatch between

scans, are corrected. Since larger movements (> 2 mm, > 2 degree
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rotation) can produce significant non-amendable noise, slices with
large head motion are usually discarded. Smaller movements can be
corrected or the movement can be taken into consideration during
the statistical analysis.

(3) Co-registration (spatial preprocessing): registration of an
anatomical image to match the functional image is required for fur-
ther analysis.

(4) Segmentation (spatial preprocessing): segmentation of an
anatomical image to separate brain tissues, cerebral spinal fluid,
white matter, and gray matter.

(5) Normalization: individual images are normalized into stan-
dard space to correct between subject variability. This step increases
sensitivity, and facilitates the generalization of results and compari-
sons between studies.

(6) Smoothing: a smoothing filter, such as Gaussian kernel, is
applied to blur the images and reduce the number of independent
observations based on random field theory. This process suppresses
noise, increases sensitivity, and makes images more appropriate for

single-subject and group analysis.

Single subject and group analysis

In a single subject analysis, also known as subject level or first
level analysis, design and contrast of all experimental conditions are
defined. In order to specify the experimental design, information
about the onset and duration of each task is required. F-contrasts
(effects of interest) or T-contrasts (the contrasts between tasks or
task and resting condition) are defined according to the design and
purpose of the analysis. Movement parameters and other regressors
are also determined in case they are required.

In group analysis, also known as second level analysis, t tests,
ANOVAs and other general linear model analyses with covariates
or regressors can be performed. In the event of a specific hypothesis
about the correlation between the clinical symptoms, task perfor-
mance, personality, or duration of the disease and brain activation,
multiple regression analysis using covariates could identify those
brain regions that positively or negatively correlate with the covari-
ates. Contrasts for group analysis must also be defined to report
group level results. In general, the analysis is performed as a whole
brain analysis. For region-of-interest (ROI) analysis, the equipped
ROIs in the toolbox library (Automated Anatomical Labeling atlas”™)
or newly generated ROIs using center coordinates and radius or
number of voxels are used. A ROI-based approach should be used
only if clear hypotheses are available and the multi-comparison cor-
rection should be taken into account if more than one ROl is used.

Having set a statistical threshold and multiple comparison correc-

tion thresholds to correct false positives (family-wise error rate or
false discovery rate is generally used), one can export the results into

figures, tables, or time series signal data.

Resting-state Functional Magnetic Resonance Imaging

Once rs-fMRI data is preprocessed in a similar way to task-
fIMRI, procedures of single subject and group analysis differ from
task-fIMRI. In resting state analysis, the spontaneous low frequency
fluctuation (0.01-0.10 Hz) is of major interest. Several approaches,
including ALLFF and (f)ALFE were developed specifically for
rs-fMRI analysis in an effort to extract an amplitude or ratio of
spontaneous low frequency fluctuation from the BOLD signal,
indicative of a regional intensity of activation.”*” Functional con-
nectivity, ReHo, and ICA are also applicable in rs-fMRI as well as
in task-fMRI. Further toolboxes and scripts for rs-fMRI were also

developed.””’

Advanced Analysis

Various advanced analyses have been introduced in fMRI
analysis. Here, we briefly introduce the analysis technique which
has been used of late in FGIDs studies.

Functional connectivity, one of the most widespread analysis
techniques, is defined as ‘temporal correlation between the different

38,44,56,57,78
It enables

parts (voxels, clusters, or ROISs) of the brain.
us to estimate the connection of brain regions and to compare its
patterns between groups. Effective connectivity provides us with
additional information as to which brain areas induce a direct causal

48,51,79 . N
Dynamic causal modeling is an example

influence over others.
of the effective connectivity analysis method and shows how the
effective connectivity (causal influence) between brain regions is

47,80

modulated by experimental conditions.””” Graph theory analysis, ie,
the analysis of the properties of connections (edges) between func-
tionally connected brain regions (nodes) to account for the complex
characteristics of a network, is a further form of connectivity analy-

. 61,6881

sis ReHo is basically a voxel-based connectivity analysis that

measures the regional similarity of the signals between the specific
voxel and its neighboring voxels.”*"*

Of all the multivariate analyses applied in FGIDs studies, ICA
pattern classification is the most familiar.”**" ICA works on the
assumption that an fMRI signal is linearly composed of several
(spatially or temporally) independent signals, and that the original
fMRI signal is separated into independent groups.” Since ICA is
one of the data-driven analysis methods, it can reveal an intrinsic
structure of the original signal and can therefore also be utilized to

generate hypotheses.
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Interpreting Functional Magnetic Resonance
Imaging Results in Functional Gastrointesti-
nal Disorders

In most studies, the list of brain regions (coordinates and sta-
tistical information) displaying increased or decreased activity in
certain conditions or groups is reported in a voxel-wise or a ROI-
wise manner. In some instances, a group of the brain areas involved
in the same function (eg, pain processing) is identified as a ‘network.”
For example, albeit opinions are deeply divided on this issue, so-
matosensory cortex, insula, anterior cingulate cortex, and thalamus
are termed a ‘pain network.”* The most frequently reported brain
regions in FGIDs studies are the prefrontal cortex, somatosensory
cortex, insula, cingulate cortex, and thalamus. The contributory net-
works to FGIDs are known as the sensory-motor network, salience
network, autonomic network, and cognitive/affective network."®

Functional MRI data may allow us to elucidate the basic neuro-
physiological and pathophysiological mechanisms in brains which is
associated with clinical information. For example, the activation map
following rectal balloon distention can indicate the altered neural
processing of visceral pain in the somatosensory cortex, frontal cor-
tex, cingulate cortex, insula, thalamus, and (pre)motor cortex with
higher pain sensation (visceral hypersensitivity) in patients than in
controls."™"” Anxiety and depression were associated with the brain
activation in the cingulate cortex and prefrontal cortex,” and his-
tory of abuse affected the brain activation in the cingulate cortex.”
Several studies have attempted to identify the specific mechanisms
of treatment™ and neuroimaging biomarkers for further disorders.”
The inhibition effect of pain-related brain activation in IBS patients
by amitriptyline (tricyclic antidepressants)” identified the central
mechanism of antidepressants in the reduction of rectal distention
pain. The brain activity during acupuncture suggested the modula-
tion of serotonin pathway at insula and the higher cortical regulation
of affection as potential neural mechanisms of acupuncture treat-
ment.”* Furthermore, correlation analysis between fMRI data and
psychological indices such as anxiety and depression may demon-
strate the influence of the psychological state on patients.”" When
interpreting the fMRI results on interventions, the blinding issue,
changes of symptoms, co-morbidities, quality of life, non-specific
effect, and placebo response should also be taken into consideration

carefully.

How to Perform and Interpret fMRI Studies in FGIDs

Limitations and Future Approaches of Functional
Magnetic Resonance Imaging Studies in
Functional Gastrointestinal Disorders

Functional MRI measurement is not only expensive and time
consuming, but also requires extensive skills and resources. Re-
searchers should be aware of the variety of factors which affect the
brain imaging results before performing experiments, and it is only
when valid tasks or stimuli, well-structured procedures, controlled
populations of participants, and proper analyses come together that
reliable data can be gained. The unusual environment of MRI
must also be taken into consideration. Patients with a metal implant
or with claustrophobia should not participate. No movement, par-
ticularly no head movement, is permitted inside the scanner. Recent
studies have demonstrated in both IBS and in healthy controls that
visceral pain perception is higher within the MRI environment
than outside.” Investigators and participants must therefore adapt
themselves to the MRI environment.

Until now, all neuroimaging studies in FGID have used a
correlation approach. This does not permit us to make any causal
inference about the direction of influence (central to peripheral, pe-
ripheral to central, or both). At present, inconsistent study designs,
analysis methods and statistical principles make it difficult to com-
pare or integrate fMRI data in FGIDs across studies using meta-
analysis. However, because FGIDs lack biomarkers such as neu-
rohormones, cytokines, and genes, functional neuroimaging may
provide further information to elucidate the symptoms in patients.
Furthermore, fIMRI studies may help us to better fathom the role of
emotional feelings and cognitive functions by combined with other
neuroimaging techniques or with autonomic response, genetic and
epigenetic approaches, and neurotransmitter research to identify key
components of the disease, or to differentiate between subtypes.

In summary, fMRI is a unique research tool that provides
information on neuronal mechanisms of symptoms and treatment
effects in the patient population, and physiological processing in
healthy volunteers. It should, however, be utilized prudently in re-
search, and its pros and cons should be weighed up carefully.

Since neuroimaging has been applied in FGIDs for less than
twenty years and analysis methods are developing and improving
rapidly, future approaches hold tremendous potential. As yet, only
experimental pain stimulation and a few cognitive tasks have been
implemented in FGIDs patients. Besides the pain and anxiety/de-
pression scores, FGIDs patients may have many other pathological,

behavioral and somatic characteristics; such as impaired affective
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memory, heightened vigilance, abnormal eating behavior, increased
stress sensitivity, disordered autonomic regulation, dysbiosis of the
gut microbiota, additional bowel symptoms such as nausea, bloat-
ing, urgency, and autonomic and somatic co-morbidities. It may be
advisable to examine the effects of pharmacological or non-phar-
macological therapy, and the influence of such therapies on brain
activity may help to establish novel treatment strategies. Albeit still
a far cry from clinical application, neuroimaging data will neverthe-
less one day be used to perform subgroup analyses in patients (eg,
hypersensitive vs normosensitive or even hyposensitive patients) or
to distinguish patients from healthy controls.” The neuroimaging
data with more numerous tasks, behavioral measurement, and ther-
apies could improve our understanding of the pathophysiology of
FGIDs and lead to more appropriate treatment options for patients
in the future.

Conclusions

The advent of the fIMRI technique has not only provided in-
formation on regional brain activities and the interaction of different
brain areas, but has also improved our understanding of the neuro-
nal changes and its relationship with symptoms and cognitive/affec-
tive changes in many patient groups. Although its usage in basic or
clinical neuroscience research in FGIDs patients has been reported
in only a limited number of studies, and despite its requiring an
intensive level of knowledge in neurology, physiology, pathology,
physics, and program coding, it does have considerable potential.
An accurate understanding and application of fIMRI technique in
FGIDs will hopefully lead to new methods of diagnosing and treat-

ing patients.

Supplementary Material

Note: To access the supplementary table mentioned in this
article, visit the online version of Journal of Neurogastroenterol-
ogy and Motility at http://www.jnmjournal.org/, and at https://doi.
org/10.5056/inm16196.
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