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GASTROINTESTINAL

Initial experience with magnetic resonance
fluoroscopy in the evaluation of oesophageal
motility disorders. Comparison

with manometry and barium fluoroscopy

Abstract The aim of this paper was
to assess the diagnostic value of
magnetic resonance (MR) fluoroscopy
in the study of oesophageal motility
disorders and to compare MR
fluoroscopy results with those of
manometry and barium contrast radi-
ography. Twenty-five subjects referred
for dysphagia and three patients in
follow-up after pneumatic dilatation
of the lower oesophageal sphincter to
treat severe achalasia underwent
esophageal manometry, barium con-
trast radiography and MR fluorosco-
py. Examinations were performed on a
1.5 T scanner. Dynamic turbo- fast low
angle shot (turbo-FLASH) sequences
acquired during oral contrast agent
administration were used to perform
MR fluoroscopy. MR fluoroscopy
correctly diagnosed achalasia in nine

Introduction

patients, uncoordination of esophageal
body motility in ten and scleroderma
oesophagus in one. Diagnostic per-
formance was satisfactory, with a
sensitivity of 87.5% and a specificity
of 100% in the general depiction of
motility alterations. Our work dem-
onstrates that MR fluoroscopic
examination in subject affected by
oesophageal motility disorders is fea-
sible and can properly depict motility
and morphology alterations, achieving
correct diagnosis in the majority of
cases. Studies on larger populations
are necessary to obtain statistically
significant results.

Keywords MR fluoroscopy -
Oesophageal motility disorders -
Barium fluoroscopy - Manometry

Oesophageal motility disorders are commonly diagnosed
by gastroenterologists in their daily routine and represent
the second most frequent cause of dysphagia after benign
obstructions [1]. According to the classification proposed
by Spechler and Castell in 2001 [2], oesophageal motility
disorders can be categorized into four major patterns of
alterations (Table 1). In all of these conditions the
diagnostic routine is mainly based on the combined
employment of manometry and barium contrast radiogra-
phy (BCR) [3]. While manometry provides a precise
evaluation of each functional aspect, offering even the
capability to measure the intensity of a single peristaltic
wave or the opening pressure of the lower oesophageal
sphincter (LES), BCR allows a simultaneous view of the

morphological changes of the oesophagus and gastro-
oesophageal junction (GEJ) during physiological events.
This combination of instrumental and imaging approaches
is successfully used for diagnosis [4—6] and follow-up [7]
of most motility disorders. In the past years the radiological
community has been slowly shifting its interest from all the
almost longevous fluoroscopy techniques towards the new
radiation-free imaging modalities, considering, most of all,
the use of magnetic resonance (MR) fluoroscopy. The first
MR fluoroscopy studies were performed by Riederer et al.
[8] and Farzaneh et al. [9] in the late 1980s; shortly
following were the forerunning approaches in the field of
clinical practice, from the monitoring of biopsies [10] to the
guidance of intravascular procedures [11] and the real-time
depiction of swallowing [12]. Today, MR fluoroscopy
represents an actual topic of research in various clinical
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fields, but its employment and evolution in the functional
imaging of the upper gastrointestinal tract still remains
limited to few preliminary works [13—15] mainly based on
the evaluation of the oro-pharyngeal swallowing phase.
Only Manabe et al. [16] evaluated oesophageal motility
and morphology in healthy subjects, but current literature
actually lacks clinical studies on subjects affected by
oesophageal motility disorders. The aim of our work was to
assess the diagnostic value of MR fluoroscopy in the
evaluation of subjects affected by oesophageal motility
disorders and to compare MR fluoroscopy results with the
findings of manometry and BCR.

Materials and methods

Patient population Between October 2004 and July 2005,
24 subjects (ten male, 14 female; mean age 55+12 years)
referred for dysphagia to the Division of Gastroenterology
at our hospital, and three patients in follow-up after
pneumatic dilatation of LES for treatment of severe
achalasia, underwent oesophageal manometry, BCR and
MR fluoroscopy. The protocol was approved by the local
ethics committee, and all patients gave written informed
consent. A group of 15 healthy volunteers (eight male,
seven female; mean age 35+5 years) who had undergone
oesophageal MR fluoroscopy between August and
October 2004, served as a control population.

Oesophageal manometry equipment and protocol Mano-
metric examinations were performed with an eight-chan-
nel polygraph (Dynograph Recorder—R 611, Viasys/
Sensormedics, USA) with five registering open-tips. The
polygraph probe was positioned with its distal extremity in
correspondence with the GEJ, and the registration of
endoluminal pressure levels was performed backwards
every 0.5 mm with a “pull-through” technique, until the
probe reached the cricopharyngeal sphincter. Amplitude
and frequency of peristaltic waves, as well as opening and
closure pressure of the LES, were measured.

Table 1 Classification of oesophageal motility disorders (modified
from Spechler S J, Castell D O. Classification of oesophageal
motility abnormalities [2]

Classification

LES hypercontraction: achalasia, hypertensive LES
Oesophageal body uncoordination: oesophageal spasm
Hypercontraction: nutcracker oesophagus

Hypocontraction: ineffective oesophageal motility, scleroderma
oesophagus

Four major patterns of alterations are considered: distinguishing
processes that affect the relaxation capabilities of the lower
oesophageal sphincter; processes that disrupt the normal motility
coordination of the oesophageal body; processes that result in
hypercontraction; processes that lead to hypocontraction

BCR equipment and imaging protocol BCR examinations
were performed with a remote-controlled fluoro-ortho-
clinoscope (Siregraph B, Siemens, Erlangen, Germany)
equipped with a professional-standard videotape recorder
for slow motion and stop imaging. As oral contrast agent
we employed a standard barium sulphate solution (Pronto
Bario H.D. VO8BAO1, 250% w/v, Bracco SpA, Milan,
Italy). Patients were studied while they were upright
(latero-lateral and antero-posterior) and lying down (left
and right oblique) during the barium swallow (10—15 ml
each swallow, for a total of five or six swallows). Each
swallowing sequence was recorded for 10-30 s, and the
total radiographic time was limited to 3 min. Accurately
reported were functional alterations (delayed clearance,
raised transit time, aperistalsis, non-peristaltic contractions
and reflux), as well as morphological abnormalities (filling
defects, calibre alterations, narrowing/stenosis and muco-
sal irregularities) if present.

MR imaging: patient preparation and contrast agent All
subjects fasted for at least 4 h in order to undergo
examination in basal conditions. Outside the scan room the
ability of each patient to swallow a small amount of water
while in prone and supine positions was tested to avoid
aspiration episodes inside the magnet bore [14]. Amongst
the various foodstuffs we tested as oral contrast agents in
the control group, we definitively chose a mixture of semi-
fluid yoghurt and gadolinium diethylene triamine penta-
acetic acid (Gd-DTPA) 0.5 M, 1:100 (Multihance, Bracco
SpA); the choice was made on the basis of the excellent
signal intensity and barium-like physical properties of the
mixture, not overlooking patient acceptance. All subjects
were strictly instructed to swallow the contrast agent during
the examination in a single act: it is known that reiterated
deglutition during image acquisition can auto-inhibit peri-
stalsis, causing fictitious motility alteration [17].

MR imaging: equipment and imaging protocol All
examinations were performed on a 1.5 T scanner (Mag-
netom Vision, Siemens; gradients 25 mT/m?, slew rate
800 T/m per second, rise time 400 m/s), equipped with
phased-array coil. Scans were acquired with the patients
placed first in the prone position and then in the supine
position. The imaging protocol was divided into two steps.
The first step was to obtain a scout view of the thorax and
upper abdomen to visualize the position and bending of
the oesophagus and the gastro-oesophageal junction; a
breath-hold half-Fourier single-shot turbo-spin echo
(HASTE) T2-weigheted sequence (Table 2) orientated on
coronal and axial planes was used. The second step was
the acquisition of MR fluoroscopy images during the
transit of contrast agent boluses through the oesophageal
lumen: a single-slice slab T1-weighted dynamic turbo- fast
low angle shot (turbo-FLASH) sequence was positioned
with a median sagittal orientation on the centre of the
oesophageal lumen, using the HASTE scout images to
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Table 2 Technical parameters for HASTE-T2 weighted sequence
and for the modified dynamic turbo-FLASH T1-weighted images
used for MR fluoroscopy (modified parameters are in bold type)

Parameter HASTE T2- Modified Dynamic
weighted parameters TFL parameters

TR 704 ms 416 ms

TE eft. 20 ms 1.2 ms

Flip angle 150° 8°

No. of slices 20 1

Slice thickness 7mm 20 mm

Field of view 360° 350

Matrix 160x256 90x126

No. of acquisitions 0.5 45

Trigger Off off

The number of acquisitions was raised (from 1 to 45) to enable
kinetic view of the lumen; the thickness was increased to 20 mm to
delineate better the irregular curving of the oesophagus, and the
ECG trigger was set to off to avoid gating activity

determine the optimum slice angle (Fig. 1). The standard
parameters of the turbo-FLASH (TFL) sequence were
adequately modified (Table 2) to obtain proper visualiza-
tion of oesophageal motility. The current values of TR
(416 ms), TE (1.2 ms) and flip angle (8°) enabled a
sequence TA of 20 s, allowing a temporal resolution of
approximately 2.25 frames per second (fps). Immediately
before sequence start, a small amount of contrast agent
(10—-15 ml) was administered directly into the mouth of the
examined subjects with a 50 ml syringe connected to a
silicone tube. Patients were instructed to swallow the
entire bolus immediately after the onset of the audible
gradient pulsations. Five series of dynamic acquisitions
were obtained: four acquired on the median sagittal plane
(Fig. 2) to visualize esophageal motility and one on the
oblique axial plane to depict GEJ functionality.

Fig. 1 Positioning of dynamic
turbo-FLASH T1-weighted se-
quence using HASTE T2-
weighted scout images acquired
on coronal (a) and axial (b)
planes. The single-slice slab
optimum angle was determined
so that it covered the bending of
the oesophagus (asterisk) along
its course through the thorax

MR imaging: reference parameters In order to have
reference parameters for an objective comparison with the
findings of subjects affected by motility disorders, we
evaluated in the control population a standard set of
functional and morphological parameters calculating
average and standard deviation values (AV+SD): transit
time 9+1.7 s; antero-posterior oesophageal calibre 21+
2.3 mm; peristalsis type was only primary peristalsis
(intended as a continuous and regular progression of the
contrast agent bolus from cricopharyngeal sphincter to the
GEJ); GEJ functionality was that the GEJ opened at bolus
passage.

Image analysis MR fluoroscopy and BCR images were
independently reviewed by two radiologists, blind to the
results of manometry. To perform an optimal evaluation of
oesophageal motility we reviewed the images in “cine”
mode. In each patient we assessed the same set of
parameters that had been evaluated in the healthy popu-
lation. Three major patterns of alterations with relative
diagnostic criteria were considered:

1. Achalasia. In subjects with evidence of normal
oesophageal calibre with smooth tapered narrowing
of the distal portion (calibre >10 mm), poorly relaxing
GEJ and ineffective peristalsis replaced by character-
istic “to-and-fro” movements [3, 6, 7], was diagnosed
as early achalasia (Fig. 3). The progressive enlarge-
ment of the oesophageal lumen (up to 50—-65 mm), with
completely disrupted peristalsis and extremely pro-
longed transit time (up to 20 s, or incomplete clearance
at sequence end), were held to be the most significant
findings in the advanced disease (Figs. 4, 5). In the
patients who underwent pneumatic balloon dilatation
of LES for achalasia, the observers considered whether
the procedure obtained a successful dilatation of the
sphincter, causing a permanent GEJ opening.

2. QOesophageal body motility uncoordination (EBMU).
Intermittent, ineffective contractions (tertiary waves)
along the whole oesophageal body, diminished oeso-
phageal calibre, with irregular “corkscrew” lumen
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Fig. 2 Dynamic turbo-FLASH
T1-weighted images acquired
on the medial sagittal plane
during oesophageal transit of
contrast agent in a healthy sub-
ject (images have been sampled
from the whole fluoroscopic
acquisition). Images were taken
at1s(a),2s(b),4s(c), 6s(d),
and 8 s (e) from sequence start.
Note the continuous progression
of the contrast agent bolus along
the oesophageal lumen and the
regular and complete opening of
the GEJ (arrow)

(Fig. 6) and prolonged transit time (up to 12—15 s), in
addition to mildly reduced oesophageal clearance,
were considered significant diagnostic features of
EBMU [4, 18, 19].

3. Ineffective esophageal motility (IEM)/scleroderma
esophagus (SE). For the diagnosis of IEM/SE, the
readers considered a weak peristaltic activity, enlarged

Fig. 3 MR fluoroscopy find-
ings in a 45-year-old male pa-
tient with early discovered
achalasia (images have been
sampled from the whole fluoro-
scopic acquisition). Images were
taken at 3 s (a), 6 s (b), 9 s (¢),
12 s (d) and 15 s (e), evidencing
normal oesophageal calibre with
tapered narrowing of the distal
portion (arrows). Primary peri-
stalsis is replaced by character-
istic ineffective “to-and-fro”
movements of the contrast agent
bolus (b, ¢, d), with strongly
reduced oesophageal clearance

oesophageal lumen, GEJ incontinence with reflux and
diminished clearance with delayed cleansing time [5,
20, 21].
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Fig. 4 MR fluoroscopy find-
ings in a 63-year-old female
patient with achalasia in ad-
vanced stage (images have been
sampled from the whole fluoro-
scopic acquisition). Time inter-
vals between each image were at
5 s (a), 10 s (b), 15 s (c) and
20 s (d). The oesophageal lumen
is grossly dilated (60 mm) and
the peristaltic activity results
completely disrupted, with to-
tally insufficient bolus progres-
sion (at sequence end, contrast
agent is still present in the
oesophagus). Alimentary resi-
dues can be identified in the
lumen (arrow)

Results

Examinations were well tolerated in all cases. Neither
difficulties nor complications were experienced during

Fig. 5 Barium fluoroscopy examination (same patient as in Fig. 6).
The fluoroscopic findings strongly match those of the dynamic MR
scan. The oesophagus appears grossly dilated, with an irregular and
ridged aspect of the wall. Compared with MR imaging, barium
fluoroscopy allows a more accurate evaluation of the GEJ that
appears with the typical “beak-like” aspect

contrast administration manoeuvres or scan. Average room
time, including patient preparation, was 19+3 min. The
whole oesophageal region of interest, comprised of the area
between the cricopharyngeal sphincter and the GEJ, was
correctly visualized, acquiring good quality images in all
subjects. Only one subjects had normal findings at all
modalities. Diagnosed cases (Table 3) were referred to the
three major patterns of alterations:

1. Achalasia. On the basis of the described diagnostic
criteria, MR fluoroscopy diagnosed early achalasia in
three patients, advanced achalasia in six. The same
results were obtained at BCR and manometric
examinations. In the three patients in follow-up after
pneumatic balloon dilatation of LES, MR fluoroscopy,
BCR and manometry correctly assessed the successful
dilatation of the sphincter. In particular, MR imaging
and BCR evidenced in these patients a dilated GEJ and
a reduction of the lumen calibre in relation to the re-
establishment of sufficient oesophageal clearance.

2. QOesophageal body motility uncoordination (EBMU).
EBMU was diagnosed at MR fluoroscopy in ten
patients, whilst BCR evidenced abnormal motility in
11 subjects. Amongst them, oesophageal manometry
correctly differentiated six cases of diffuse oesophageal
spasm (DES) and six cases of non-specific motility
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Fig. 6 MR fluoroscopy find-
ings in a 43-year-old female
patient with diffuse oesophageal
spasm (images have been
sampled from the whole fluoro-
scopic acquisition). Time inter-
vals were at 1 s (a), 6 s (b), 9 s
(¢), 12 s (d) and 15 s (e). Despite
a fast filling of the oesophageal
lumen, the normal transit is
interrupted by intermittent, non-
peristaltic, ineffective contrac-
tions (d-e), which resemble the
“corkscrew” (arrow) that can
commonly be seen at barium
fluoroscopy. Transit time is
prolonged

disorder (NEMD). Two of these patients had normal
MR findings, and one had normal BCR results.

3. Ineffective oesophageal motility (IEM)/scleroderma
oesophagus (SE). Both MR fluoroscopy and BCR
diagnosed one case of scleroderma oesophagus with
characteristic findings. A case of IEM, identified by
manometry, was missed by both imaging modalities.

Discussion
Background

The diagnostic work-up of oesophageal motility disorders
is actually based on a combined approach of instrumental
(manometry) and imaging (BCR) procedures. Manometry
accurately explores functional aspects of oesophageal
motility, including amplitude, frequency and effectiveness
of peristaltic waves, opening and closure pressures of LES;
obviously, oesophageal morphology cannot be investigated

Table 3 Diagnosed cases by modality

Case MR fluoroscopy BCR Manometry
Achalasia (early) 3 3 3

Achalasia (advanced) 6 6 6

EBMU 10 11 6 DES, 6 NEMD
IEM/SE 1 1 2

Normal 4 301

at all with this modality. BCR, instead, enables the
visualization of oesophageal morphology and its modifica-
tions during physiological events. The high temporal
resolution (up to 25-30 frames per second) available with
this technique, in addition to an optimal spatial resolution
that provides high-quality images of the bolus transit from
the pharynx to the stomach, have made it the reference of
choice in the field of functional imaging of the oesophagus.
Although bony structures and soft tissue are superimposed,
BCR can provide excellent information on bolus transport,
reflux, aspiration, and residue, not forgetting the chance to
evaluate oesophageal walls and lumen. However, this
technique presents some important drawbacks that cannot
be easily overcome: (1) subjects that undergo BCR are
invariably exposed to radiation [22]; (2) soft tissue is not
visualized at BCR: only indirect signs of soft tissue lesions
can be recognized, and no characterization of these
findings is possible; (3) if aspiration is present, the use of
contrast agent may be dangerous. Still, at present, no true
alternatives to BCR are available to obtain real-time
imaging of oesophageal motility. With the introduction
and wide diffusion of ultra-fast MR sequences, which have
pushed scan times to the sub-second domain, MR
fluoroscopic evaluation of physiological activity of soft
tissue has become a reality, allowing a new, non-invasive
approach to the visualization of most motility processes in
the human body, including oesophageal functionality.

Our experience Intended as a completely preliminary
approach to the poorly explored field of oesophageal MR
fluoroscopy, our work focuses on the diagnostic evaluation
of subjects affected by motility disorders, facing a
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matching comparison with the reference modalities of the
sector. The use of a consolidated protocol, refined through
the study of a consistent control group, offered the
possibility to perform examinations in an efficient and
reproducible way. The HASTE sequence resulted in an
optimal choice for the obtainment of scout views; good-
quality images acquired during a single breath-hold
successfully served for the positioning of functional-
sequence slice slabs. The dynamic TFL sequence, owing
to its low flip angle (FA 8°) and short repetition time (TR
416 ms) best fitted our technical requirements to allow
proper depiction of oesophageal motility and LES
functionality in all patients, with adequate spatial and
temporal resolution. Gd-DTPA-based contrast agent pro-
vided optimum signal intensity, while its combination with
semi-fluid yoghurt offered barium-like physical properties,
improving, at the same time, patient comfort, and granting
good compliance during the examination. The assessment
of functional and morphological alterations in patients
affected by motility disorders was easily allowed by the
prompt comparison with the findings of healthy subjects;
moreover, reporting our examination in accord with the
general diagnostic indications available in the literature for
BCR granted good concordance between MR imaging and
X-ray results. The diagnostic performance of MR fluoros-
copy was, overall, satisfactory (sensitivity of 87.5% and
specificity of 100% in the general depiction of motility
alterations), although the findings on three subjects
affected by motility disorders (two with EBMU and one
with IEM) were reported as normal. This issue could be
related both to the fact that MR spatial and temporal
resolution may be sub-optimal for the depiction of the
subtle functional and morphological alterations specific to
these disturbances and to the typical clinical behaviour of
these pathological conditions in which the recognition of
imaging findings is not constant.

Advantages and limitations of the technique In comparison
with barium fluoroscopy, the MR imaging approach to the
examination of subjects affected by oesophageal motility
disorders presents some important advantages. Owing to
the absence of ionizing radiation, MR fluoroscopy is a
totally non-invasive procedure and can be employed
without danger in paediatric patients and in pregnant
women (in young patients without dysphagia, suffering
from non-cardiac chest pain, globus or unexplained
coughing, oesophageal motility could be investigated
with MR fluoroscopy as first instance examination before
BCR is performed), also allowing repeated examinations
at short intervals, as most follow-up protocols require.
Moreover, MR fluoroscopy offers the capability to
perform direct multiplanar imaging of soft-tissue struc-

tures, such as the mediastinum or diaphragm, which are
totally missed at X-ray, and could represent a reliable
choice for the depiction of oesophageal extra-luminal
findings, as in the case of pseudoachalasia, a condition that
may easily mimic achalasia or other motility disorders.
The yoghurt-based contrast agent is totally innoxious and
can be safely used without precautions, aversely to
barium, which can occasionally cause either acute [23,
24] or chronic [25] adverse reactions, especially if aspired.
It is clear, however, that our technique suffers from various
significant limitations. The spatial resolution of images
obtained during functional acquisitions needs to be
implemented through the use of more adequate sequences
in order to obtain accurate evaluation of wall abnormal-
ities, as commonly seen at barium fluoroscopy. Temporal
resolution (2.25 fps) is still too low compared to that of X-
ray (25-30 fps); the lowest possible values of flip angle,
TR and TE must be employed in the attempt to achieve a
true real-time visualization of oesophageal motility.
Considering the actual limitations in terms of spatial and
temporal resolution, it is clear that MR fluoroscopy is
actually unreliable in the evaluation of fine findings such
as small rings, webs and long subtle stenosis, and that all
these pathological conditions still need dedicated conven-
tional imaging in order for one to obtain optimum
diagnostic performance. As an example, even a positive
MR examination could probably overlook an initial, low-
grade stenosis of the distal oesophagus, whilst BCR would
surely offer a more accurate and reliable evaluation.
Lastly, the impossibility to obtain an upright view could
impair the examination of some subjects, especially those
with achalasia in which the transit of contrast agent
boluses through the LES is often allowed only in the
standing position, although we did not experience any
difficulty in diagnosing this disease.

Conclusions

In conclusion, our study demonstrates that MR fluoro-
scopic examination in subjects affected by oesophageal
motility disorders is feasible and can properly depict
motility and morphology alterations typical of these
pathological conditions. This imaging modality is rapid,
non-invasive, reproducible, and without discomfort for
patients. Although our technique is absolutely far from the
“state of the art” and represents an absolutely preliminary
experience in the field of MR fluoroscopy, the optimization
of this protocol and the assessment of appropriate
functional and morphological MR patterns of abnormal-
ities could most likely represent a promising step on a new
path for the employment of magnetic resonance imaging in
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the evaluation of subjects affected by oesophageal motility necessary to consolidate and eventually upgrade the
disorders. An extensive study on a larger population and protocol and to confirm the encouraging results obtained

with the employment of a more advanced MRI unit is still

with this work-in-progress technique.
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