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A B S T R A C T

Purpose: Currently available imaging modalities used to investigate the esophagus are irradiating or limited to
the analysis of the esophageal lumen. Magnetic resonance imaging (MRI) is a non-invasive and non-radiating
imaging technique that provides high degrees of soft tissue contrast. Newly developed fast MRI sequences allow
for both morphological and functional assessment of the esophageal body and esophagogastric junction. The
purpose of this systematic review was to identify the contribution of MRI to the diagnosis and management of
esophageal diseases, such as gastroesophageal reflux, esophageal motility disorders, esophageal neoplasms, and
portal hypertension.
Methods: We performed a systematic search of the Medline (via Ovid), EMBASE (via Ovid), PubMed and
Cochrane Library databases from inception to December 2018 inclusively, using the MESH major terms “mag-
netic resonance imaging” AND “esophagus”.
Results: The initial search retrieved 310 references, of which 56 were found to be relevant for the study.
References were analysed and classified in different subheadings: MRI protocols for the esophagus, gastro-
esophageal reflux disease, achalasia and other esophageal motility disorders, esophageal cancer, portal hy-
pertension and other esophageal conditions.
Conclusion: MR Esophagography might become a non-invasive, non-irradiating technique of choice following
diagnostic esophagogastroduodenoscopy for the assessment of esophageal diseases.

1. Introduction

Esophageal diseases are frequent conditions in adult and include a
variety of benign or malignant diseases, all with serious potential im-
pact on the quality of life. Symptoms suggestive of esophageal disease
include dysphagia, regurgitations, heartburn, and retrosternal pain.
Malignant conditions include esophageal neoplasia, epithelial or sub-
epithelial tumors. Benign diseases include esophageal motility dis-
orders, gastro-esophageal reflux disease, esophageal involvement of
systemic or dermatologic diseases (scleroderma or lichen planus), and
morphological abnormalities such as esophageal diverticula and eso-
phagitis from various causes.

Upper gastrointestinal endoscopy is currently the first step for the
diagnostic workup of patients with symptoms suggestive for esophageal

disease because of its ability to rule out an esophageal stenosis, and
identify a large number of esophageal diseases, either optically or by
histopathological analysis of tissue samples obtained by mucosal biopsy
[1]. However, endoscopy is an invasive technique, often requiring se-
dation, thereby increasing its costs with potential morbidity [2]. Fur-
thermore, additional diagnostic examinations are further needed when
upper gastrointestinal endoscopy does not help making a definite di-
agnosis. Endoscopic ultrasonography allows for a detailed study of the
esophageal wall and periesophageal region, searching for esophageal
intramural or regional lesions, but is limited by its availability, the need
for sedation, its costs, and its poor diagnostic contribution in patients
with esophageal stenosis or widely dilated esophagus. Esophageal
functional testing by manometry is the standard of care for patients
with esophageal motility disorders. However, esophageal manometry
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provides information regarding pressure pattern but little morpholo-
gical information. Thus, an esophageal or periesophageal lesion may be
misdiagnosed as an esophageal motility disorder. PH or pH-impedance
measurement can document gastro-esophageal reflux disease, but at the
penalty of a 24 h long investigation, and without any morphological
information. Finally, the development of tailored endoscopic treat-
ments for esophageal motility disorders using endoscopic esophageal
myotomy urges the need for an optimal morphological assessment of
the esophagus and esophagogastric junction.

Oral barium esophagogram may reveal morphological endoluminal
abnormalities, such as diverticula, esophageal stenosis, hiatal hernia or
megaesophagus, as well as motility disorders through dynamic acqui-
sition such as video-fluoroscopy. However, it does not provide much
information on the periesophageal tissue, and its use is restricted,
owing to the exposure to ionizing radiation. Computed tomography
(CT) is mainly indicated in the setting of esophageal neoplasia, in order
to rule out distant metastases, or major loco regional tumoral spread. It
may be useful, with oral opacification and intravenous administration
of iodinated contrast material, to search for postoperative complica-
tions, particularly anastomotic leaks [3,4]. However, CT is a radiating
diagnostic modality and repeated acquisition causes increased radiation
exposure.

MRI is not a routine examination for the assessment of esophageal
diseases, mainly because of its relatively low availability and its tech-
nical limitation. Indeed, the vicinity of air containing organs such as the
esophagus itself, but also the stomach, lungs and trachea may alter
seriously the quality of the images. Furthermore, motion due to re-
spiration and heart beating add to the challenges of making sharp de-
piction of the esophagus. However, MRI is non-invasive, non-radiating,
and provides an excellent soft-tissue contrast [5]. Dynamic MRI se-
quences provide information regarding the motility of the oesophagus.

The purpose of this systematic review was to identify the con-
tribution of MRI to the diagnosis and management of esophageal dis-
eases, such as gastroesophageal reflux, esophageal motility disorders,
esophageal neoplasms, and portal hypertension.

2. Materials and methods

2.1. Search strategy

This systematic review was conducted using a pre-specified protocol
and was guided by the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) checklist [6]. We performed a

systematic search of the Medline (via Ovid), EMBASE (via Ovid),
PubMed and Cochrane Library databases from inception to December
2018 inclusively, using the MESH major terms “magnetic resonance
imaging” AND “esophagus”. Moreover, published reviews, case reports
and case series were manually searched for additional studies. After
exclusion of duplicates, the titles and abstracts of publications identi-
fied by the database search were screened for studies that potentially
met the inclusion criteria. This screening was independently performed
by two of the authors (C.L. and M.B.). A third reviewer resolved all
disagreements (A.D.).

2.2. Study eligibility

Full-text publications were reviewed to determine final eligibility.
Eligibility was restricted to original studies detailing esophageal MRI
protocol and esophageal diseases. Articles pertaining to pediatric, car-
diovascular, and otorhinolaryngologic diseases were excluded. Only
articles published in English language literature were included in our
study. Commentaries, abstracts, reviews articles and conference pre-
sentations were excluded.

3. Results and discussion

The initial search retrieved 310 references, of which 56 were found
to be relevant for the study. We excluded four literature reviews on MRI
and esophageal diseases [5,7,8,9]. One was focused on the role of MRI-
guided radiotherapy for esophageal and gastric neoplams [7]. Another
review specifically studied the role of MRI to assess tumor response to
neoadjuvant chemoradiotherapy [8]. In another work focusing on
radiological imaging of the lower esophageal sphincter, Sharitzer et al.
concluded that MRI might be of help to identify structural abnormal-
ities in the reflux barrier of patients with gastro-esophageal reflux
disease and to assess the esophagogastric function with three-dimen-
sional (3D) image analysis [5]. The fourth review studied MRI for the
imaging of hypopharynx and cervical esophagus and found that MRI
was better than CT to assess the esophageal verge and cervical eso-
phagus, because of better soft tissue delineation and less obscuration of
this area by beam-hardening artefacts caused by the shoulders [9].

3.1. MRI protocols for the esophagus (Fig. 1)

The normal appearance and measurements of the esophagus in the
sagittal plane were first assessed in 78 patients using ECG-gated MRI by

Fig. 1. Chronologic timeline of major technical developments in MRI of the esophagus.
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Nakashima et al. (Fig. 2A) [10]. Other authors performed MRI studies
on human cadavers with pre-treatment motion-triggered MRI in pa-
tients to precisely describe the anatomy of the periesophageal con-
nective tissue layers, [11]. Another study on human cadavers using
high-resolution MRI with an external surface coil placed over the
thorax, and axial T2-weighted fast spin-echo (FSE) images from the
superior aspect of the aortic arch to the gastric cardia helped define the
MRI anatomy of the posterior mediastinum [12]. The specific value of
sagittal images to visualize bolus contrast and peristalsis was also un-
derlined by most of the publications of the field, particularly during
dynamic MR imaging of the esophagus (Fig. 2B) [13].

Manabe et al. compared T1-weighted ultrafast gradient echo (TFE,
Philips, Best, The Netherlands) MR images and T1-weighted fast field
echo (FFE) MR images in 20 healthy volunteers [14]. These researchers
showed that T1-weighted FFE images provided better signal-to-noise
ratio, better image quality, and less artefacts than T1-weighted TFE
images [14]. Furthermore, they found that 35-mm slice thickness was
optimal to delineate the esophageal wall during MR fluoroscopy [14].
However, this study was performed in 2004 and several technical re-
finements have been achieved since that time. The use of an external
surface coil and cardiac gating also helped improve the signal of the
esophageal wall, as demonstrated by Ridell et al. in 4 healthy volun-
teers using T2-weighted FSE sequences [15]. These authors obtained 22
axial images of the esophagus in an acceptable scan time of 7min 30 s
[15].To better evaluate the esophageal wall, intraluminal administra-
tion of contrast agents has been tested in several studies [13,15–18]. In
one study, 100mL of a ferric ammonium citrate-cellulose paste were
orally administered to 38 patients with esophageal diseases and 10
healthy subjects who served as controls resulting in excellent esopha-
geal opacification in 84% (32/38) of examinations [16]. Other re-
searchers tested a home-made mixture made of gadopentetate di-
meglumine and barium in 53 patients who underwent T1-weighted MRI
resulting in esophageal opacification in 97% (37/38) of patients with
esophageal diseases and 66% (10/15) of control subjects [17]. These
orally administered contrast agents were reported as easy to use, well-
tolerated and did not produce artefacts [13,15–18]. Kulinna-Cosentini
et al. used a gadolinium-chelate mixed with buttermilk to assess the
gastroesophageal junction by MRI in 20 healthy volunteers with dy-
namic gradient-echo (GRE) sequences (balanced fast field echo [B-
FFE]) in three planes on a 1.5 T unit using a phased-array body coil
[13]. They reported a mean visible length of the esophagus of 16.2 cm
in the sagittal plane, and defined normative values for the bolus transit
time, from the pharyngo-esophageal sphincter region to the

gastroesophageal junction. This contrast agent seems advisable, since
the same researchers used it in further studies on the same topic [19].

Curcic et al. have described a dynamic MRI protocol to assess the
structure and function of the esophagogastric junction and identify
reflux in real time in 12 healthy volunteers, after ingestion of a solid
and a liquid labeled meal [20]. This protocol consisted of a balanced
FFE sequence providing 30 images in the transverse plane covering the
esophagogastric junction area during inspiration and expiration. Then,
they performed dynamic MR imaging using three parallel coronal ob-
lique image sections with a B-FFE sequence centred on the esophago-
gastric junction, yielding 380 dynamic images. Finally, they obtained
three-dimensional reconstructions of the esophagus and proximal por-
tion of the stomach, allowing measuring the distribution of angles
around the esophagogastric junction. Using an echo navigator method,
they were able to detect gastro-esophageal reflux episodes [20,21]. This
MRI protocol was further used in two subsequent studies [22,23]. Fig. 3
shows MR images of the gastroesophageal junction in a patient with
pseudoachalasia caused by a tight fundoplication.

A recent study reported the use of concentrated pineapple juice
mixed with potatoe starch an as intraluminal agent for MRI examina-
tion of the esophagus. This mixture allowed a feasible and safe eso-
phageal visualisation, with a patient acceptability and an image quality
similar to paramagnetic contrast agents [24].

3.2. MRI of the esophagus (how we do it?)

In our referral tertiary center, the MRI protocol includes T2-
weighted single shot spine echo sequences in the axial and coronal
plane, dynamic kinematic acquisition of steady-states sequences in the
oblique plane, parallel to the esophagogastric junction, and T1-
weigthed images in the coronal and axial planed before and after in-
travenous administration of a gadolinium chelate (Fig. 4). Patients
swallow water through a straw during kinematic acquisition, which is
repeated several times in order to visualize the contractions of eso-
phagus and the impact of extra-luminal lesions on the lumen. The se-
quences parameters are reported in Table 1.

Correct placement of sagittal oblique kinematic sequences is critical
to obtain a good visualisation of esophagus and esophagogastric junc-
tion as the heart may also be in the acquisition box and lead to motion
artefacts. Morphological signs are analysed on T2 weighed images and
steady state cine sequences.

Fig. 2. MRI of the esophagus. Panel A shows a normal esophagus (arrow) on a single shot T2 weighted image, and panel B a widely dilated esophagus (arrow) in a
patient with achalasia on steady state weighted image.
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3.3. Gastroesophageal reflux disease (GERD)

The esophagogastric junction is an integrated sphincter complex,
which includes the lower esophageal sphincter and the crural dia-
phragm. The wideness of the esophagogastric junction, the opening of
the esophago-gastric insertion angle or angle of His and the presence of
a hiatus hernia are anatomical data that can promote gastro-esophageal
reflux.

Kulinna-Cosentini et al. have studied the esophagogastric junction
by dynamic MRI in 20 healthy volunteers [13]. They reported the
imaging features of hiatal hernia, the effect of the Valsalva manoeuver,
and gastro-esophageal reflux [13]. In a prospective study on 37 patients
with GERD symptoms undergoing MRI swallowing in the supine posi-
tion at 1.5 T with a phased-array body coil, and subsequent manometry
and 24 h pH monitoring, Kulinna-Cosentini et al. found a sensitivity of
82% (23/28) for the diagnosis of GERD. Furthermore, the size of the
hiatal hernia and the presence of gastroesophageal reflux assessed by
MRI was significantly correlated with the esophageal acid exposure on
24 h pH-monitoring [18].

Other researchers tested the hypothesis that dynamic MRI could
show the structural factors of the esophagogastric junction thought to
be impaired in patients with GERD [23]. These authors used three-di-
mensional models from dynamic MRI in 24 healthy volunteers and 24
patients with GERD. Patients were studied in the right decubitus posi-
tion to reduce transient relaxation of the lower esophageal sphincter
after a test meal. MRI-detected reflux events were also confirmed by the
relaxation of the lower esophageal sphincter assessed by concurrent
esophageal manometry. They found that the His angle was wider in
patients with GERD than in control subjects (+7°± 3°; P=0.03). Si-
milarly, the esophagogastric junction more open during reflux events in
patients with GERD (19.3 mm) than in control subjects (16.8 mm)
(p=0.04). Other esophagogastric morphologic changes, such as posi-
tion of insertion and gastric orientation within the abdomen, or short
intra-abdominal length of the lower esophageal sphincter were also

different in patients with GERD and in control subjects. In this study
however, the number of reflux events diagnosed by MRI was not dif-
ferent between GERD with patients (3; 95% CI: 2.5–4.6) and controls
(2; 95% CI: 1.8–3.3) (p = 0.09) [23].

MRI appears as a promising tool for the assessment of anti-reflux
surgical procedures. In a study including 29 patients with Nissen fun-
doplication, among which 21 were symptomatic, Kulinna-Cosentini
et al. identified the position of fundoplication in 27/29 patients (93%),
and wrap malfunctions, such as malposition in 4/6 patients (33%),
wrap disruption in 4/14 patients (29%), stenosis and secondary motility
disorders in 8/8 patients (100%) [10]. In a further study with 79 pa-
tients, the same group addressed the inter-observer variability of MRI
[25]. In the study, four independent readers, among which two sur-
geons, evaluated HASTE MR Images obtained at 3.0-T for anatomical
assessment of the gastroesophageal junction followed by dynamic MR
swallowing (fast low-angle shot sequences). They found a substantial
agreement for recurrent hiatal hernia (k= 0.703), moderate agreement
for wrap disruption (k=0.585), and fair agreement for motility dis-
order and slipping (k=0.234 and k= 0.200, respectively). Overall,
MR swallowing, even with non-experienced readers, helps depict the
cause of failed antireflux surgery [25].

3.4. Achalasia and other esophageal motility disorders

The workup of esophageal motility disorders typically includes
upper gastrointestinal endoscopy with mucosal biopsies, followed if
normal by high resolution manometry. Manometry can however be
inconclusive, in case of impossibility to cross the esophagogastric
junction with the manometry catheter due to massive esophageal dis-
tension, esophageal diverticulum, hiatal hernia, or extremely tight
lower esophageal sphincter. In these situations, barium esophagogram
is performed to evidence a megaesophagus and a bird’s peak appear-
ance at the esophagogastric junction, findings suggestive of achalasia.
In patients with atypical presentation such as advanced age, short

Fig. 3. Dynamic steady state weighted acquisition in the sagittal oblique plane after administration of water in a 70-year-old patient with a tight fundoplication
performed for gastro-esophageal reflux disease 8 years earlier. The fundoplication is responsible for a stenosis of the esophagogastric junction (arrowhead) causing
dysphagia and manometric features of achalasia on manometry (“pseudoachalasia”). The oral intake is seen during the swallowing with the dilatation of the
oesophagus (arrows) upstream the esophagogastric junction (A–F). The tight fundoplicature (arrows) is well seen on the axial single short T2 weighted images (G).
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Fig. 4. 40-year-old woman with dysphagia and regurgitation, and a 5 Kg weight loss. A. Barium esophagogram shows only a mild narrowing of the oeso-gastric
junction (arrows) confirmed at endoscopy with no visible endoluminal mass (A). MRI with diffusion weighted sequence in the axial plane (b= 1000 mm²/s) provides
additional information regarding presence of liver lesions, which are hemangiomas (arrows) (B). The plane for kinematic acquisition as to be parallel to the
esophagogastric junction (arrowheads) (C). T1-weighted image in the coronal plane after intravenous administration of a gadolinium chelate shows a circumferential
lesion of 4 cm in length in the esophagus wall with mild enhancement (D). Oblique kinematic acquisition with steady state sequence (TruFISP) shows alternatively
opening and closing of the esophagus which is narrowed by the circumferential lesion (E and F). The circumferential lesion displays a signal typical for leiomyoma.
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duration of symptoms, important weight loss and difficulty to cross the
esophagogastric junction during endoscopy, additional investigation
such as endoscopic ultrasonography or CT is advised to rule out a
malignancy- associated pseudoachalasia [26]. Therefore, MRI might
play a role in this clinical setting, if it is able to bring information on the
esophageal motility and possible distension, and on the periesophageal
area.

In patients with achalasia, MRI features include continuous dilata-
tion of esophagus with stasis of food residues and liquid with a diffuse
mild wall thickening and absence of lower esophagus sphincter (LIS)
opening. Panebianco et al. showed that functional MRI can reveal ty-
pical esophageal motility disorders [27,28]. These researchers per-
formed functional MRI with dynamic T1-weighted turbo-fast low-angle
shot sequences during bolus of food mixed with gadolinium-diethylene
triamine pentaacetic acid (Gd-DTPA). All 14 patients with motility
disorders assessed by fluoroscopy and manometry were also correctly
identified at functional MRI to have achalasia (9 patients, 6 with a
megaesophagus and 3 with early stage achalasia) or esophageal spasm
(6 patients). In patients with achalasia, they observed a narrowing of
the distal esophagus with a retro dilatation of the proximal segment, a
poor relaxation of the esophagogastric junction, and an absent peri-
stalsis with increased bolus time transit [27,28]. In patients with oe-
sophageal spasm, an intermittent progression of the contrast bolus with
tertiary peristalsis, an increased transit time and a reduced calibre with
a “corkscrew” appearance was reported [27,28].

Covotta et al. described morphological and functional MRI features
of the esophagus in patients with motility disorders. Using T2-weighted
HASTE and T1-weighted turbo FLASH sequence, they compared the
MRI findings of 24 patients with dysphagia and motility disorders di-
agnosed by manometry and fluoroscopy to those of 8 healthy control
subjects. They found that an ineffective or absent peristalsis on MRI is
significantly associated with a slower transit time and an increased
esophageal diameter [29].

Miyazaki et al. suggested that functional MRI could diagnose
achalasia similar to manometry. Eleven patients with suspected acha-
lasia and 3 healthy patients without dysphagia underwent functional
MRI during clear-liquid swallowing with T2-weighed single shot fast
spin-echo (SSFSE) and fast imaging employing steady-state acquisition
(FIESTA). They defined the luminal fluctuation index (LFI) to study the
peristalsis by the formula LFI=Rmax (maximal diameter ratio) x
SDratio (standard deviation value). To study the relaxation of the lower
esophageal sphincter, they defined Dd and Ds as maximal and minimal
diameters at this level. Functional MRI revealed achalasia in 10/11
patients (91%); MRI findings included tortuous (10/11; 91%) or dilated
(9/11; 82%) esophagus without obstructive lesion, poor bolus clearance
(10/11; 91%), simultaneous contraction waves (9/11; 82%), aper-
istalsis (11/11; 100%), and impaired relaxation of the lower esophageal
sphincter (7/7) [30].These promising results were however not re-
produced by other teams. Indeed, a widely dilated esophageal body is
the only radiological sign reported by most other MRI studies in

achalasia patients [18].
The main differential is pseudo-achalasia for which MRI provides a

better visualization of oesophagus wall and allows a direct visualization
of the exoluminal lesions, while endoscopy and barium esophagogram
only provide an indirect visualization of the obstacle and show a nar-
rowing of the lumen. MRI also provides a direct visualization of mod-
ified anatomy after surgery such as fundoplication.

3.5. Esophageal cancer

3.5.1. MRI for esophageal cancer staging
An optimal and repeated imaging modality of the esophagus is

needed for the initial diagnostic workup, radiotherapy centering,
follow-up of patients with esophageal cancer and possibly prediction of
response to therapy. Currently, upper gastrointestinal endoscopy and
endoscopic ultrasonography are limited by the high prevalence of
esophageal stenosis whereas CT has limited capabilities for the assess-
ment of intraluminal lesions. Few clinical studies are available in this
field. Representative MRI findings of an esophageal adenocarcinoma
are presented in Fig. 5.

In one study, MRI examination of the esophagus was feasible in 54
patients with thoracic esophageal squamous cell carcinoma, with a
sensitivity for the diagnosis of cancer of 81% (44/54) [31]. The normal
esophagus and the esophageal tumor had similar signal intensities on
T1- and T2-weighted images. Tumors were mostly visible on T1-
weighted sagittal images. The antero-posterior diameter of the tumors
correlated well with that found at histopathological analysis of resected
specimens. Only T3 and T4 tumors larger than 30mm, were visible
[31].

In an ex-vivo study at 3 T including 32 resected esophagus with
carcinoma, Wei et al. compared the results of MRI-based T staging with
histopathological findings. MRI allowed a correct T staging in 29/32
tumors (90.6%). The accuracy was 93.8%, 90.6%, 96.9%, and 100% for
diagnosing an infiltration of the mucosa, submucosa, muscularis pro-
pria, and adventitia, respectively [32]. Using a 4.5-T MRI, Yamada et al.
studied in a similar study setting 70 esophageal squamous cell carci-
nomas. Depth of extension found at MRI was correctly evaluated in 66/
70 tumors (94%) as confirmed by histopathological analysis [33].

Similar results were found by Stoker et al. who reported a correct T
staging in 8/9 esophageal specimens (89%). However, in this study
60% (56/91) of metastatic lymph nodes were missed at MRI [34]. A
more recent study demonstrated, on 20 esophageal specimens with
esophageal cancer, the feasibility of diffusion-tensor MR imaging at an
ultra-high field strength (7.0 T), and the possibility to adequately
identify eight tissue layers in the normal esophagus: epithelium, lamina
propria, muscularis mucosae, submucosa, inner circular muscle, inter-
muscular connective tissue, outer longitudinal muscle, and adventitia
[35]. When compared to histopathology, MRI allowed for a 100% ac-
curate T staging, including the differentiation between T1a and T1b
stages in esophageal cancer specimens [36–38].

Table 1
MRI sequences parameters at 1.5 T (Siemens Aera, vb20a).

T2-single shot TSE
sequences

Steady states sequences Diffusion sequences
(EPI)

T1-weghted sequences before and after IV administration of
gadolinium-chelate

Plane Axial and coronal oblique plane, parallel to the eso-gastric
junction

Axial Axial and coronal

TE/TR 93/1000 ms 1.71/433 ms 80/7900 ms 2.19/4.85 ms
Flip angle 150° 60° 90° 10°
FOV 450 x 450mm 360 x 360mm 420 x 380mm 380 x 308mm
Matrix size 384×269 256×256 200×200 320×240
Slices thickness 6 mm 10 mm 7 mm 2 mm
Voxel size 1.2× 1.2× 6 mm3 0.7× 0.7× 10 mm3 1.1×1.1× 7 mm3 1.2×1.2×2.0 mm3

Number of slices 23 1 40 80
Inter-slices gap 30% NA 20% 20%

TSE indicates turbo spin echo. EPI indicates echo planar imaging. TE indicates echo time. TR indicates repetition time. FOV: field of view.

C. Leandri, et al. European Journal of Radiology 120 (2019) 108684

6



Koyama et al. studied 13 patients with esophageal cancer with cine-
MRI while chewing gum, using steady state sequences (trueFISP,
Siemens Healthinners). They found that T3 or T4 esophageal cancers
stage were associated with a complete or partial loss of peristalsis on
MRI [39].

In a pilot study, Riddell et al. included 10 patients with confirmed
oesophageal carcinoma who underwent MRI on the day before surgery
[40]. They confirmed in vivo the first ex vivo data from Yamada et al.
and showed that the external surface coil MRI with T2-weighted se-
quences showed detailed elements of esophageal layer. Abnormal signal
intensity interpreted as tumor was histologically confirmed in only 26%
(13/50) of tumor MRI images, while only fibrotic changes were found
in 56% (28/50) of tumor MRI images, and no tumor was found on the
last 18% (9/50). Despite these disappointing results, the authors con-
cluded that esophageal MRI could be an alternative technique of local
staging of oesophageal cancer before surgery [40]. Disappointing were
also the results from a study focusing on the T2* value of 48 patients
with esophageal squamous cell carcinoma. The authors found that this
variable allowed discriminating between T1 stages from other T stages,
but not T2 from T3, or any N stage [41]. T2* value reflects the contents
in deoxygenated hemoglobin of an organ. Since the proliferation of
malignant tumor cells require oxygen, major cell proliferation in both
T2 and T3 tumors should lead to a significant decrease in deox-
yhemoglobin in these lesions, without noticeable difference between
the T2* values of stages T2 and T3 tumors. Recently, Wu et al correlated
gross tumor volume assessed on T2-weighted imaging, contrast-en-
hanced T1-weighted and diffusion-weighted MRI (DWI) with T and N
stage in 60 patients with esophageal squamous cell carcinoma
[42].They found that the gross tumor volume is associated with the T

stage and the presence of lymph node metastases. Also, they reported
that the gross tumor volume diagnosed on contrast-enhanced T1-
weighted imaging better predicts the T stage, while DWI with a b value
of 500 s/mm² better predicts the presence of lymphatic metastasis [42].
Studies suggested that a pathological apparent diffusion coefficient
(ADC) on diffusion-weighted MRI could be a potent prognosis factor.
Giganti et al. investigated the potential prognostic role of ADC in 23
patients with esophageal or oesogastric junction cancer. ADC values ≤
1.4×10−3 mm²/s were significantly associated with a negative prog-
nosis both in the total population and in the surgery-only group
[43,44]. In another study on 73 patients with locally advanced eso-
phageal squamous cell carcinoma only treated with chemor-
adiotherapy, Liu et al. found that ADC≤ 1.076×10−3 mm2/s pre-
dicted significantly worse survival [45].

To our knowledge, only one study has prospectively compared dif-
fusion-weighted MRI to endoscopic ultrasound, CT, and 18-FDG PET/
CT for preoperative esophageal cancer staging. In the study, the authors
found similar accuracy for MRI, EUS and CT for T staging (83%, 78%
and 78%; p=NS for all comparisons), and N staging (66%, 50% and
61%; p=NS for all comparisons) [46]. Noticeably, in this study, the
impact of PET/CT could not be assessed because only one out of the 4
patients with lymph node metastases exhibited a nodal uptake. How-
ever, this work paves the way for a potential change in the pre-
therapeutic workup of esophageal cancer, in which MRI with DWI
could replace more costly or invasive tests such as PET/CT or endo-
scopic ultrasound.

3.5.2. MRI for follow-up during and after treatment
MR-guided stereotactic radiation therapy enables daily imaging

Fig. 5. T3N0 tumor of the esophagogastric junction in 74-year-old man. Circumferential thickening of the esophagogastric junction showing an hypointense signal on
T2 weighted images in the coronal plane (A) with marked enhancement of the tissue after administration of gadolinium chelates (B: coronal, D, axial). Restriction of
diffusion of the mass on diffusion weighted images in the axial plane (b=1000 s²/mm) (C).
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without exposing patients to additional radiation. The application of
this technique to the esophagus however requires taking into account
the peristaltic movements of the esophagus, as proposed in a pre-
liminary study by Cardenas et al. [47]. Similarly, other studies invol-
ving 33 consecutive patients with esophageal cancer investigated with
cine MRI described the motion of esophageal tumors in the anterior-
posterior, superior-inferior, and left-right directions, in order to opti-
mise the gating of the radiotherapy [48,49].

The assessment of the metabolic activity of a tumor by diffusion-
weighted MRI could be a promising contribution of MRI to the man-
agement of esophageal cancer, particularly in terms of follow-up after
neoadjuvant or definitive chemoradiotherapy [50–58]. Liu et al. stu-
died the diffusion weighted MR images of 46 patients with esophageal
SCC of which 18 (18/46; 39%) were treated by chemoradiotherapy and
38 (38/46) were operated on. They found the b values of 800 s/mm2
and 1000s/mm2 to be optimal for observing the efficacy of chemor-
adiotherapy, while a b value of 600 s/mm2 is advisable to measure the
length of esophageal squamous cell carcinoma [59]. In a recent meta-
analysis of 7 studies including a total of 236 patients treated by che-
moradiotherapy, the pooled sensitivity and specificity of MRI for pre-
dicting early response to chemo-radiotherapy were 93% (95% CI:
77%–98%) and 85% (95% CI: 72%–93%) for the Δ apparent diffusion
coefficient (ADC) respectively; and 75% (95% CI: 62%–84%) and 90%
(95% CI: 67%–97%) for the post-ADC, respectively [60]. These data
from small studies with heterogeneous clinical settings (neoadjuvant
and definitive chemoradiotherapy) suggest however that diffusion-
weighted MRI has acceptable performances for assessing the response
of patients with esophageal cancer to chemoradiotherapy. Heethuis
et al also suggested, in a study including 12 patients, that dynamic
contrast enhanced MRI was also of help in predicting histopathologic
response to neoadjuvant chemoradiotherapy for oesophageal cancer.
Indeed, the change in tumor area-under-the-concentration time curve
had a sensitivity of 83%, specificity of 88%, positive predictive value of
71%, and a negative predictive value of 93% for predicting histo-
pathologic complete response to neoadjuvant chemoradiotherapy [61].
Currently, a prospective multicentre trial is on-going to assess complete
pathological tumor response of esophageal cancer after neoadjuvant
chemoradiotherapy with MRI, and possibly avoid unnecessary eso-
phagectomy [62]. In Table 2, we reported b-values used for diffusion
weight-imaging in different studies.

While MRI-guided radiotherapy remains under development [7],
MR esophagography with water swallowing was promising in assessing
the response to radiotherapy [63]. In a study including 30 patients with
thoracic esophageal carcinoma treated with surgery or chemor-
adiotherapy and 10 healthy volunteers, Zhang et al. compared the
tumor imaging by conventional MRI (T1-weighted spin echo, T2
weighted axial turbo spin-echo or T2-weighted HASTE sequences) and

water swallowing MR esophagography (steady state sequences) [60].
They observed the resolution of the neoplastic esophageal stenosis and
the periesophageal mass in all patients under chemoradiotherapy [60].
Furthermore, MRI esophagography with water swallowing was better
than conventional MRI for assessing tumor length (88% vs 12%, re-
spectively) and exact localization (100 vs. 80%; respectively), but less
accurate in terms of T tumor staging [60].

After esophagectomy and narrow gastric-tube reconstruction,
Panebianco et al. showed that MRI could be a useful radiation-free
imaging modality to investigate the functionality of neo-esophagus.
MRI with steady state and turbo-FLASH T1-weighted sequences during
oral administration of yoghurt mixed with gadolinium based oral con-
trast agent was obtained in 10 patients 1–4 years after surgery. The
authors identified completely re-established motility of the neo-eso-
phagus in 3/10 patients, mild to moderate alterations including raised
transit time, reflux and contrast agent stasis in 6/10 patients, and 1/10
patient with severe alterations of the contractility a grossly dilated neo-
esophagus, severe reflux and stasis [64].

3.6. Portal hypertension

One study evaluated oesophageal mural veins and paraesophageal
veins by MR portography in patients with portal hypertension. The
authors included 57 patients, with endoscopically documented eso-
phageal varices and found a significant correlation between the dia-
meter of the esophageal mural veins assessed by MR angiography and
the endoscopic grade of the esophageal varices (r= 0.363; p= 0.02)
[65]. However, no other team has reproduced these results ever since.

3.7. Other esophageal conditions

Several systemic and dermatologic conditions may affect the eso-
phagus. In a prospective study including 13 patients with systemic
sclerosis, Sauter et al. assessed the impact of whole-body PET/MRI
[66]. While positron emission tomography (PET) scanning allowed
differentiating limited from diffuse disease through the fascial fluor-
odesoxyglucose (18 FDG) uptake, MRI accurately identified esophageal
involvement of the disease [66].

4. Conclusion

During the last two decades, technical refinements in MRI have al-
lowed to assess not only the morphology of the esophagus and eso-
phagogastric junction, but also the motility and function of the eso-
phagus during swallowing and gastro-esophageal reflux. Overall,
publications in the field are scarce and limited to preclinical studies or
small pilot studies. While it has become feasible to image the esopha-
gogastric junction with MRI, the diagnostic of gastroesophageal reflux
disease based on MRI study does not seem to be reproducible and re-
liable yet. The contribution of MRI to the field of esophageal motility
disorders is still limited, but likely to increase, given the suboptimal
assessment of the esophageal morphology currently available with en-
doscopy, barium esophagogram and CT scanner. Further studies, re-
porting MR features of the main esophageal motility disorders defined
by the latest Chicago classification v3.0, are needed. Finally, the pre-
operative assessment of esophageal cancer might be strongly impacted
by MRI if preclinical data using high power fields are translated into
clinical practice, with extremely accurate tumor staging, potentially
overtaking endoscopic ultrasonography. MR Esophagography might
become a non-invasive, non-irradiating technique of choice following
diagnostic esophagogastroduodenoscopy for the assessment of esopha-
geal diseases.
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