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ARTICLE INFO ABSTRACT

Keywords: Purpose: To evaluate the diagnostic potential of real-time MRI for dynamic assessment of gastroesophageal
Gastroesophageal reflux disease reflux in patients with GERD (gastroesophageal reflux disease)-like symptoms compared to pH-metry and im-
GERD

pedance.

Magnetic resonance imaging
Esophageal pH recording
Impedance

Methods: Patients who underwent real-time MRI and pH-metry between 2015-2018 were included in this ret-
rospective study. Real-time MRI at 3 T was achieved by undersampled radial FLASH acquisitions with iterative
image reconstruction by NLINV. Real-time MRI visualized transit of pineapple juice through the gastro-
esophageal junction and during Valsalva maneuver. MRI results were compared to 24 h pH-metry to assess acidic
reflux (following Lyon Consensus guidelines) and to impedance to assess non-acidic reflux. A standard 2 x 2
table was chosen to calculate diagnostic performance.

Results: 91/93 eligible patients fulfilled inclusion criteria (male n = 49; female n = 42; median age 55 y). All
MRI studies were successfully completed without adverse events at a mean examination time of 15 min. On real-
time MRI, reflux was evident in 60 patients (66 %). pH-metry revealed reflux in 41 patients (45 %), and im-
pedance in 54 patients (59 %). Compared to pH-metry and impedance, real-time MRI sensitivity was 0.78 (95 %
CI: 0.66-0.87), specificity 0.67 (95 % CI: 0.45-0.84) and PPV 0.87 (95 % CI: 0.75-0.94).

Conclusion: Real-time MRI is an imaging method for assessment of gastroesophageal reflux in patients with
GERD-like symptoms. Considering its high positive predictive value, real-time MRI can accurately identify pa-
tients in which further invasive testing with pH-metry and impedance might be considered.

1. Introduction While GERD can be diagnosed and treated empirically, further

testing is required in cases with diagnostic uncertainty, persisting

The prevalence of gastroesophageal reflux disease (GERD) ranges
between 10-28% in Western countries and increased over the last
decades [1,2]. Characteristic symptoms include heartburn and regur-
gitation [3]. Associated high symptom burden not only impairs quality
of life, but also decreases work productivity and yields high disease-
related costs [4]. An accurate diagnosis of GERD is crucial for effective
treatment, as well as for prevention of esophageal complications, such
as Barret’s esophagus and adenocarcinoma [5].

symptoms or suspected complications [6,7]. The most common diag-
nostic modalities for GERD are upper endoscopy (esophago-gastro-
duodenoscopy; EGD) and reflux monitoring by 24 h pH-metry or 24 h
impedance measurement [8]. Endoscopy is usually performed to rule
out complications and to assess alternative diagnosis. Still, less than 50
% of all patients with gastroesophageal reflux symptoms show signs of
mucosal injury on endoscopy [9,10]. PH-metry and impedance carry
the advantage of direct assessment of reflux exposure to the distal

Abbreviations: AET, acid exposure time; EGD, esophagogastroduodenoscopy; GERD, gastroesophageal reflux disease; NLINV, regularized nonlinear inversion; PPI,

proton pump inhibitor; LES, lower esophageal sphincter
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esophagus [11]. However, pH-metry requires the placement of a
transnasal catheter over 24 h, which results in throat discomfort, nose
pain or runny nose in more than 50 % and abortion or failure in ap-
proximately 6 % of patients [12-14].

In clinical practice, GERD diagnosis is usually based on presence of
typical symptoms and response to PPI treatment. However, uncertain
diagnosis warrants further diagnostic workup [8]. While fluoroscopic
barium swallows have been routinely used by radiologists for the as-
sessment of gastroesophageal reflux, they are no longer recommended
for diagnosis of GERD according to updated diagnostic guidelines but
has shifted towards esophageal testing by endoscopy and 24 h pH-
monitoring [6,8,15].

Modern ultrafast MRI sequences visualize the esophagus and gas-
troesophageal junction and allows for dynamic assessment of reflux
during repetitive Valsalva maneuver with a high tissue contrast of
surrounding anatomical structures in real time at a temporal resolution
of up to 20 ms. These sequences are optimized for pineapple juice as an
oral contrast agent and do not necessitate off-label oral or intravenous
application of gadolinium-based MRI contrast agents [16,17]. Previous
feasibility studies showed promising results for the evaluation of ana-
tomical and functional parameters as well as detection of fundoplica-
tion failure [18,19]. The diagnostic potential of real-time MRI for the
detection of gastroesophageal reflux has yet to be evaluated. The aim of
this study was to assess the diagnostic potential of real-time MRI for the
diagnosis of GERD compared to 24 h pH-metry and impedance.

2. Materials and methods
2.1. Study population

This retrospective cohort study received approval by the local ethics
board (NR 14/5/18) and was conducted in accordance with the
Declaration of Helsinki in its most recent version. All participants gave
written informed consent before each examination. 25 of the 93 pa-
tients have been previously reported [18,19]. Inclusion criteria for this
study were patients with GERD-like symptoms for at least 6 months,
presenting at a surgical outpatient clinic (Department of General,
Visceral, and Paediatric Surgery and Department of Gastroenterology
and Gastrointestinal Oncology of the University Medical Center Goet-
tingen, Germany). Further, only patients who underwent real-time MRI
and pH-metry were included in this study. General exclusion criteria for
real-time MRI were patients with pacemakers/ICDs, implanted gastric
reflux devices, inability to swallow and known allergy to pineapple.
Patients were also excluded if PPI treatment was continued during pH-
metry measurement or achalasia was diagnosed on real-time MRI.
Previous or ongoing PPI treatment at the timepoint of real-time MRI
was no exclusion criterion.

2.2. Combined pH-metry/impedance monitoring

Combined 24 h esophageal pH-metry/impedance monitoring was
performed using a multichannel pH-impedance catheter with 6 im-
pedance segments and one pH-measuring electrode (Standard
Instruments GmbH, Karlsruhe, Germany). The catheter was positioned
transnasally with the pH sensor 5 cm above the lower esophageal
sphincter, and connected to a portable recorder for 24 h. The exact
position of the lower esophageal sphincter was identified by high re-
solution esophageal manometry. All data were uploaded and was ana-
lyzed with ViMeDat™ Version 5.0.0.3117 (Standard Instruments GmbH,
Karlsruhe, Germany) according to the Lyon consensus criteria [8]: a
distal esophageal acid exposure time (AET) > 6 % was considered ab-
normal with conclusive evidence for GERD and an AET between 4 %6
% was considered inconclusive evidence for the presence of GERD. An
increased number of reflux episodes > 40 reflux episodes in 24 h were
also considered as supportive evidence. A distal esophageal AET < 4 %
and < 40 reflux episodes were considered normal with strong evidence
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against GERD. The traditional DeMeester score was automatically cal-
culated by the analyzing software ViMeDat™. The parameters that are
included in the DeMeester-score are: total number of reflux episodes,
the total time of esophageal pH < 4 [%], the time of esophageal pH < 4
in upright position [%], the time of esophageal pH < 4 in supine po-
sition, the number of reflux episodes =5 min, and the length of the
longest reflux episode [20].

2.3. Real-time MRI

Real-time MRI was performed on a commercial 3 T MRI system
(Skyra, Siemens Healthineers, Erlangen, Germany), combining an 18-
element thorax coil with suitable elements of the spine coil array. Real-
time MRI was accomplished by highly undersampled radial gradient-
echo MRI with nonlinear inverse reconstruction and temporal regular-
ization to the immediately preceding frame [21]. The temporal fidelity
of the approach has been experimentally validated using a dedicated
motion phantom [22].

For real-time MRI of the esophagus and esophagogastric junction,
mildly T1-weighted images were continuously acquired with the fol-
lowing parameters: radial FLASH with randomized RF spoiling, re-
petition time TR =2.12 ms, echo time TE =1.31 ms, flip angle 8°. The
use of 19 spokes per frame resulted in a measurement time of 40 ms,
corresponding to a temporal resolution of 25 frames per second (fps). A
field of view of 256 x 256 mm? in conjunction with a data matrix of
170 x 170 yielded an in-plane resolution of 1.5 x 1.5 mm?, while the
slice thickness was chosen to be 8 mm.

Online reconstruction of real-time images was achieved by a highly
parallelized version of the NLINV algorithm on a computer (sysGen/
TYAN Octuple-GPU, 2 X 123 Intel Westmere E5620 processor, 48 GB
RAM, Sysgen, Bremen, Germany) with 8 graphical processing units
(GPUs, GeForce GTX TITAN, Nvidia, Santa Clara, CA, USA).

All patients performed a test swallow before the start of the ex-
amination. During dynamic imaging, commercially available pineapple
juice served as an oral contrast agent based on its inherent concentra-
tion of paramagnetic manganese ions resulting in a T1 shortening ef-
fect. A few seconds after the onset of each real-time MRI recording, an
operator positioned at the front end of the MRI magnet injected a bolus
of 10 mL pineapple juice into the subject’s mouth through a conven-
tional flexible infusion tube (3 mm diameter) connected to a 50 mL
syringe. The end of the bolus administration was cued by the operator,
after which the patient performed a self-controlled voluntary swallow
in a natural manner and at a comfortable rate. The bolus was given once
for each real-time MRI recording, which lasted for at least 25 s (i.e.,
1000 images). The patient was queried on any swallowing difficulties
after the first MRI acquisitions in supine position (might choose this
alternative: The operator asked the patients about swallowing diffi-
culties after the first MRI acquisitions in supine position. After complete
esophageal clearance of the administered bolus, all patients were asked
to perform Valsalva maneuver by exhaling against a closed mouth and
contracting the abdominal muscles in order to provoke sliding hernia
and reflux.

2.4. MR image evaluation

All functional MRI examinations were assessed by two radiologists
via consensus reading (AS, LB). Reader AS was an attending radiologist
with 10 years of experience in abdominal radiology and 3 years of
experience in real-time MRI of the gastroesophageal junction. Reader
LB was a resident radiologist with 5 years of experience in abdominal
radiology and 3 years of experience in real-time MRI of the gastro-
esophageal junction. Analyses were based on the manufacturer’s soft-
ware (Syngo B17, Siemens Healthineers, Erlangen, Germany).

MRI examinations were assessed for the presence or absence of re-
flux under Valsalva maneuver and the presence of hernias. On MRI
films, any visible fluid or signal increase in the esophagus during
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Fig. 1. MRI reflux intensity on a five-level Likert scale according to esophageal signal increase during Valsalva maneuver. Patients with low signal intensity
during Valsalva maneuver were graded 1/5 (A). Patients with marginal signal increase and flow-void were graded as 2/5 (B). Presence of fluid in a short section of
the esophagus (arrow) was graded 3/5 (C). Continuous presence of fluid without distension of the esophagus was graded 4/5 (D). Large amounts of fluid with

distension of the esophagus were graded as 5/5 (E).

Valsalva maneuver was rated as reflux. Increase of MRI signal intensity
in the esophageal lumen during Valsalva maneuver compared to the
completely cleared esophagus was graded using a five-level Likert scale
(Fig. 1).

The height of reflux was assessed on a scale from 0 to 3 by dividing
the esophagus in 3 sections according to anatomic landmarks (Fig. 2):

1) lower esophagus: between the lower esophageal sphincter and the
upper atrial margin

2) middle esophagus: between the upper atrial margin and the aortic
arch

3) upper esophagus above the aortic arch.

The size of hiatal hernia was assessed by measurement of the dis-
tance of the diaphragm to the lower esophageal sphincter boundary. All

Fig. 2. MRI reflux grading rated according to anatomical reflux height on
a scale form 0-3. The esophagus was divided in 3 segments according to
surrounding anatomical landmarks: the lower esophagus between the lower
esophageal sphincter and the upper atrial margin (1); the middle esophagus
between the upper atrial margin and the aortic arch (2); and the upper eso-
phagus above the aortic arch (3). No visible reflux was graded as 0.

MRI assessments were separately performed under resting condition
and Valsalva maneuver.

2.5. Statistical analysis

Continuous variables are given as median and interquartile ranges
(IQR), and categorical variables as absolute values and percentage.
Continuous variables were compared using the non-parametric
Wilcoxon rank-sum test, and categorical variables using the chi-square
test. A standard 2 X 2 table approach was utilized to calculate diag-
nostic performance: sensitivity was defined as true positive / (true
positive + false negative); specificity was defined as true negative /
(true negative + false positive); the positive predictive value as true
positive / (true positive + false positive). All statistical analyses were
performed using R version 3.4.3 and RStudio Version 1.1.414. An alpha
level of 0.05 was chosen to indicate statistical significance. All provided
p-values are two-sided.

3. Results
3.1. Study population

Of 93 eligible patients, 91 patients fulfilled inclusion criteria. One
patient was excluded due to pH-metry probe defect and one due to
diagnosis of achalasia on real-time MRI, respectively. Median patient
age was 55.0 years (IQR 42.5-63.0 years). Gender was well balanced
with n = 42 female (46 %) and n = 49 male patients (54 %). A total of
9 patients had previously undergone fundoplication. Six of these pa-
tients have been described in a previous manuscript [19]. Patient
characteristics of the study population are summarized in Table 1.

3.2. pH-metry and impedance

On 24 h pH-metry of the distal esophagus, patients had a median
number of 24.0 reflux episodes (IQR 11.0-47.5) and a median acid
exposure time of 3.5 % (IQR 1.2-9.7 %). According to Lyon Consensus,
results of pH-metry were rated as pathological reflux in 30 cases (33 %),
as supportive evidence in 10 cases (11 %) and as no evidence for reflux
in 51 cases (56 %).

On impedance measurement, the median number of reflux episodes
was 51.0 (IQR 27.5-84.5). Pathological impedance measurements were
evident in 54 patients, of which 27 cases were pH-metry inconspicuous,
probably indicating the presence of non-acidic reflux (Table 2). Further
measurements are provided in Table 1.
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Table 1
Baseline characteristics of included patients. Continuous variables are provided
as median and interquartile ranges (IQR).

Total No. 91  pH-metry or pH-metry and P-value
impedance + impedance -
No. 67 No. 24
age 55.0 57.0 51.0 0.61
(42.5-63.0) (44.5-62.5) (41.8-65.2)
gender 0.84
female 42 (46.2%) 30 (44.8 %) 12 (50.0 %)
male 49 (53.8%) 37 (55.2 %) 12 (50.0 %)
DeMeester score 0.48
Median (IQR) 9.0 13.1 3.2 (1.7-5.7)
(3.7-31.0) (7.0-39.7)
Missing 1 (1.1%) 1 (1.5 %) 0 (0 %)
Acid exposure time 3.5 (1.2-9.7) 5.2 (2.6-11.9) 1.1 (0.4-1.6) 0.50
(AET) [%]
reflux episodes on 24.0 34.0 11.0 0.34
pH-metry (n) (11.0-47.5) (19.5-56.5) (4.2-13.2)
reflux episodes on 51.0 65.0 22.5 0.35
impedance (n)  (27.5-84.5) (46.0-99.0) (13.5-29.5)
Reflux detected on MRI < 0.001
yes 60 (65.9%) 52 (77.6 %) 8 (33.3 %)
no 31 (34.1 %) 15 (22.4 %) 16 (66.7 %)
MRI reflux grading 1.0 (0.0-2.0) 1.0 (1.0-2.0) 0.0 (0.0-1.0) < 0.001
MRI reflux 2.0 (1.0-3.0) 3.0 (2.0-4.0) 1.0 (1.0-2.0) < 0.001
intensity
MRI reflux spontaneously 0.14
yes 9 (9.9 %) 9 (13.4 %) 0 (0.0 %)
no 82 (90.1 %) 58 (86.6 %) 24 (100.0 %)
MRI resting hernia 0.47
yes 37 (40.7 %) 29 (43.3 %) 8 (33.3 %)
no 52 (57.1 %) 36 (53.7 %) 16 (66.7 %)
Missing 2 (2.2 %) 2 (3.0 %) 0 (0.0 %)
MRI Valsalva hernia 0.33
yes 47 (51.6 %) 37 (55.2 %) 10 (41.7 %)
no 43 (47.3 %) 29 (43.3 %) 14 (58.3 %)
Missing 1(1.1%) 1 (1.5 %) 0 (0.0 %)
Table 2
Summary of assessment by pH metry and impedance.
pH-metry pathological pH-metry normal Total
impedance pathological 27 27 54
impedance normal 13 24 37
Total 40 51 91

3.3. Real-time MRI

Real time MRI was successfully completed in all 91 patients without
adverse events. Mean acquisition time of real-time MRI films was 15
min. A total of 47 patients were diagnosed with hiatal hernia during
Valsalva maneuver (52 %). Under resting position, hiatal hernias were
detected in 37 cases (42 %). Assessment of real-time MRI revealed
presence of reflux in 60 patients (66 %). Spontaneous reflux was de-
tected in 9 patients, all of which showed correlating pathological
readings on either pH-metry or impedance. Patients with reflux on pH-
metry or impedance showed a significantly higher MRI reflux intensity
grading than patients with normal pH-metry and impedance (median
3.0 versus 1.0, p < 0.001). Comparably, MRI reflux grading was sig-
nificantly higher for patients with versus without reflux on pH-metry or
impedance (median 1.0 vs. 0.0, p < 0.001). Four patients were diag-
nosed with disruption of the fundoplication warp on real-time MRI and
recurrent reflux was confirmed on impedance. A telescoping hernia
with visible reflux was detected on MRI films in another 3 patients
(Figs. 3-5).

3.4. Diagnostic accuracy of real-time MRI for detection of reflux

Compared to sole pH-metry as reference, the presence of any
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gastroesophageal reflux detected on real-time MRI demonstrated sen-
sitivity 0.82 (95 % CI: 0.67-0.93), specificity 0.47 (95 % CIL: 0.33-0.62)
and PPV 0.55 (95 % CI: 0.42-0.68, see Table 3). Due to the high
number of false positive readings in this setting, a second scenario with
assessment of acidic as well as non-acidic reflux was considered. Here,
the reference standard was either positive reflux on pH-metry (in-
dicating acidic reflux) or a high number of reflux episodes during im-
pedance (indicating non-acidic reflux). In this scenario, real-time MRI
sensitivity was 0.78 (95 % CI: 0.66-0.87), specificity 0.67 (95 % CI:
0.45-0.84) and PPV 0.87 (95 % CIL: 0.75-0.94, see Table 4). Compared
to pH-metry and impedance, real-time MRI was false positive in 8 pa-
tients: the MRI signal intensity increase during Valsalva maneuver was
graded as 2/5 in 5 patients, whereas high MRI intensity increases =3
were detected in another 3 patients. Moreover, 15 patients with reflux
on either pH-metry or impedance showed no signs of reflux on real-time
MRI films.

4. Discussion

Our study provides a non-invasive real-time MRI protocol to assess
gastroesophageal reflux disease. In patients with GERD-like symptoms,
real-time MRI demonstrates good diagnostic performance for detection
of gastroesophageal reflux compared to invasive pH-metry and im-
pedance. The presence of spontaneous reflux on MRI was associated
with pathological reflux on invasive pH-monitoring, although it was
reported in only a minority of patients (9.9 %). For the majority of
patients, reflux on real-time MRI only manifested during Valsalva
maneuver, which underlines the importance of this dynamic imaging
component. In subgroup analyses, real-time MRI readings correlated
well with combined assessment by pH-metry and impedance, while MRI
overcalled reflux compared to sole pH-metry. Still, discrepancies were
also evident when comparing pH-metry and impedance measurements,
with several patients demonstrating increased number of reflux epi-
sodes on impedance but normal acid exposure time. This might indicate
the presence of non-acidic reflux in these specific cases. Following this
rationale, the visual presence of reflux on real-time MRI seems to in-
dicate either acidic or non-acidic reflux. Further, real-time MRI may
identify patients with non-acidic reflux that is not detected by pH-
metry. The clinical relevance of increased non-acidic reflux episodes is
not yet fully understood and the number of reflux episodes, therefore,
only serves as an adjunctive metric for GERD diagnosis [8]. However,
recent data demonstrated symptom relief and a reduction in reflux
episodes after magnetic sphincter augmentation in patients with mod-
erate to severe regurgitation, highlighting the impact of reflux events
on clinical symptoms [23].

The literature on correlation of pH-monitoring with functional
radiological imaging for gastroesophageal reflux assessment is scarce:
In 1994, Thompson et al. evaluated 117 patients using fluoroscopy and
reported a higher sensitivity of up to 70 % using dynamic maneuvers to
elicit reflux [24]. In line with our findings, the authors described the
presence of reflux on fluoroscopy in pH-metry negative patients, which
might indicate non-acidic reflux cases. Curcic and colleagues assessed
the gastroesophageal junction and reflux detection by MR-flouroscopy
[25,26]. However, the specific MRI protocol employed gadolinium-
based contrast agents and had a lower temporal resolution compared to
our technique. More recently, Kulinna-Cosentini and colleagues ex-
amined 37 patients with dynamic MRI, reporting a good correlation
with pH-monitoring [27]. The study reported a high concordance of
MRI results to the pH-metry based DeMeester score (82 %), which is no
longer used as a diagnostic criterion in GERD-patients according to
updated guidelines [8]. These findings are partially in contrast to our
results which indicate that real-time MRI seemed to detect both acidic
and non-acidic reflux. This discrepancy might well result from the
different pH-metry assessment guidelines, assessment of impedance,
patient selection and image acquisition.

Previous feasibility studies using MRI for the evaluation of the
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Fig. 3. Real-time MRI of the LES during bolus passage in coronal (A, B) and sagittal planes (C, D). (A and B) As the bolus enters the distal esophagus (arrow), it passes
through the gastroesophageal junction (arrow head). (C and D) The same observation can be made on the sagittal planes. Bolus enters the distal esophagus (arrow)

and is cleared after several propulsive contractions. Also see supplemental Video 1.

gastroesophageal junction required the application of gadolinium che-
late suspensions or ferric ammonium citrate as oral contrast agents
[27,28]. In our study, commercially available pineapple juice serves as
a natural contrast agent due to its high manganese content, obviating
traditional oral contrast agents and their associated risks [29]. Con-
sidering the positive predictive value of 0.87, real-time MRI shows the
potential to identify patients that might benefit from further invasive
testing. Moreover, real-time MRI provides a non-invasive assessment of
the gastroesophageal junction and gastroesophageal reflux in patients
that do not tolerate the placement of an esophageal probe for 24 h. The
short examination time and physiological, voluntary swallowing might
further facilitate patients” acceptance of this modality. Finally, real-
time MRI yields diagnostic potential in patients with equivocal or
aborted pH-metry: In a previous study, real-time MRI demonstrated
high diagnostic potential for detection of recurring hernia and fundo-
plication failure [19]. The delineation of the gastroesophageal junction
and the identification of hiatal hernias by real-time MRI can further
provide information for the planning and follow-up of anti-reflux pro-
cedures. So far we do not consider real-time MRI as a substitute for
current diagnostic methodologies, but rather as an auxiliary diagnostic
tool especially in patients that do not tolerate 24 h esophageal and

identification of candidates for anti-reflux surgery.

Still, utilization of real-time MRI for reflux detection is not devoid of
limitations. First, the lack of a healthy control group limits the gen-
eralizability our results regarding the clinical implementation into di-
agnostic pathways of GERD. Due to inclusion of patients with typical
GERD-symptoms, our study cohort demonstrated a high prevalence of
patients with positive pH-metry or impedance (73.6 %). Therefore, the
PPV should be reduced in the general population with a lower pre-
valence of reflux, while MRI sensitivity and specificity should remain
unaffected. In addition, 15 out of 67 patients with reflux on either pH-
metry or impedance showed no signs of reflux on real-time MRI and
real-time MRI was false positive in 8 cases. Insufficient Valsalva man-
euvers and intermittent reflux could explain the absence of visible re-
flux on MRI studies in these cases. Another limitation may be the small
volume of the administered pineapple bolus, as it might be insufficient
to provoke reflux in all patients. Further, small reflux volumes may
remain undetectable by real-time MRI. In this context, quantification of
MRI signal level increase between rest and Valsalva maneuver may
improve reflux detection in the future. Second, visual assessment of
reflux grading and intensity on real-time MRI was performed in an
arbitrary matter by consensus reading, which may impose bias. Further
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Fig. 4. Real-time MRI of the LES during Valsalva maneuver in sagittal planes. Case 2 depicts a subject with reflux on real-time MRI, pH-metry and impedance.
Representative individual images were selected showing instant reflux before and after Valsalva maneuver was performed. Also see supplemental Video 2.
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Fig. 5. Real-time MRI of the bolus passage in coronal planes (A-C) and after Valsalva maneuver in sagittal planes (D-F). All real-time MRI images show a large hiatal
hernia. The patient had no pathologic reflux on pH-metry, however, reflux was detected on real-time MRI and on impedance. Representative individual images were
selected showing bolus passage in coronal planes (A-C). Sagittal planes reveal the extent of the herniation (D, arrow) and spontaneous reflux (E, arrow head). An
increased reflux can be observed after performing Valsalva maneuver (F, arrow head). Also see supplemental Video 3.

Table 3
Contingency table for diagnostic accuracy of real-time MRI (index test) for re-
flux detection compared to pH-metry (reference test).

pH-metry pathological pH-metry normal Total
MRI: Reflux 33 27 64
MRI: no Reflux 7 24 32
Total 40 51 91

Table 4
Contingency table for diagnostic accuracy of real-time MRI (index test) for re-
flux detection compared to pH-metry and impedance (reference test).

pH metry or impedance pH metry and impedance  Total

pathological normal
MRI: Reflux 52 8 60
MRI: no Reflux 15 16 31
Total 67 24 91

studies with a healthy control group are required to define exact cutoff-
values. Finally, a short 15 min examination with real-time MRI in su-
pine position and under Valsalva maneuver might not necessarily re-
flect the conditions given during continuous 24 h pH-monitoring. Still,
data by Curcic and colleagues demonstrated high agreement of swal-
lowing events at the EGJ between MRI findings and manometric as-
sessment [26].

5. Conclusion

Real-time MRI is a dynamic imaging technique that visualizes gas-
troesophageal reflux in patients with GERD-like symptoms. Given its
good correlation with pH-metry and impedance measurements, we

consider real-time MRI a promising auxiliary diagnostic tool for the
diagnosis of GERD.

Transparency document

The Transparency document associated with this article can be
found in the online version.

Appendix A. Supplementary data

Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.ejrad.2020.108856.
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