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Abstract
Introduction/Purpose Weight regain and weight loss failure after bariatric surgery are important issues that may require a weight
regain procedure. Three-dimensional-computed tomography (3D-CT) is a well-established method allowing exact measurements
of pouch volume. The aims of this study were to prove the applicability of swallow MRI as a non-ionizing procedure and
compare it to 3D-CT in patients after weight regain procedures following RYGB.
Materials and Methods Twelve post-RYGB patients who had a follow-up operation for weight regain before 12/2017 were
included in this prospective study. Swallow MRI and 3D-CT were performed in each patient to evaluate the size of the
anastomosis, pouch volume, and intrathoracic pouch migration (ITM).
Results Mean pouch volume in swallow MRI and 3D-CT were 40.4 ± 21.0 ml and 43.5 ± 30.2 ml, respectively (p = 0.83), and
pouch diameter at the maximal distention was 35.3 ± 5.9 ml (MRI) and 31.0 ± 10.0 ml (CT) (p = 0.16). The rate of ITMwas 75%
in both examinations (p = 1.0).
Conclusion Swallow MRI is a valid method for the assessment of pouch volume in different phases of the swallowing process
and is comparable to 3D-CT. The diagnosis of ITM using swallow MRI was equal to 3D-CT.
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Background

The number of bariatric surgical procedures performed world-
wide increases every year and exceeded 685,000 in 2016.
Roux-en-Y Gastric Bypass (RYGB) was the most common

procedure until 2014, when sleeve gastrectomy (SG) was
more commonly performed. More than 7% of all bariatric
procedures are revisional operations due to weight regain
[1]. There is a consensus that obesity is to be considered a
chronic disease and some patients may need more than one
bariatric procedure to achieve sufficient long-term weight loss
[2].

As revisional surgery is (and will increasingly be) an im-
portant issue, elucidating the reason for weight loss failure,
and weight regain is a major concern [3]. Following RYGB,
both of these issues are often associatedwith a dilated pouch, a
remnant fundus at the top of the pouch after incomplete mo-
bilization of the fundus, or a widened anastomosis [4]. Thus,
the most commonly used examination tools are gastroscopy
[4, 5], oral contrast swallow, and [6] 3D-swallow computed
tomography volumetry (3D-CT) [7, 8].

Swallow MRI, a new imaging modality for the assessment
of the postoperative gastroesophageal junction, has gained
increasing interest in the literature [9, 10]. Swallow MRI can
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provide additional information about the size of the pouch in a
functional manner during the process of swallowing.
Nevertheless, swallow MRI in bariatric patients has not been
described in the literature as yet.

The aims of this study were to prove the applicability of
swallow MRI in bariatric patients as a valid non-ionizing al-
ternative to 3D-CT and even highlight its advantages. Both
examinations were thus compared in patients after weight re-
gain procedures following RYGB, with respect to pouch vol-
ume and detection of intrathoracic pouch migration (ITM).

Materials and Methods

Twelve RYGB patients who had a follow-up operation for
weight regain before 12/2017 were included in this prospec-
tive study. The procedures performed for weight regain were
pouch resizing, pouch banding, or combinations of both.
Pouch resizing was performed only if a dilatation of the pouch
was detected in the preoperative gastroscopy. The band was
placed loosely in all patients during pouch banding, 2 cm
above the gastrojejunostomy. Patients were asked for GERD
symptoms at the time of RYGB, at the time of the weight
regain procedure, and before the 3D-CT and swallow MRI
examinations.

All patients included in this study underwent 3D-CT and
swallow MRI after the weight regain procedure. None of the
examinations had to be interrupted or discontinued. Patients
who were unable to swallow large volumes of liquids at a
time, as well as patients with claustrophobia and pregnant
patients, had been excluded. Both examinations were per-
formed at the same institute specifically for the current study,
with a maximum time between studies of 2 weeks.

The ethics committee of the Vienna Medical University
approved this study (EK 2262/2017). All patients were cov-
ered by insurance and written informed consent was obtained
from each patient.

3D-Computed Tomography

Three-dimensional-CT in the current study was performed on
a 384-row scanner (Somatom Force, Siemens Healthineers,
Erlangen, Germany). Each patient was examined with the
same protocol described below.

Patients were instructed to fast for 4 h prior to the CT scan
a n d w e r e t h e n a d m i n i s t e r e d 1 0 m g
butylscopolaminiumbromide orally 2 h before the scan.
Patients were asked to position themselves on the scanner
table in a supine left anterior oblique position and a topogram
was obtained. The scan region was established and 500 ml of
an oral water-soluble iodinated contrast solution (Iopamidol,
Gastromiro®, Bracco, Vienna, Austria; in a dilution 1:10 with
tab water) was administered. Patients were told to drink the

solution as quickly as possible, and, just after finishing, they
received one pack of effervescent sodium bicarbonate.
Subjects were instructed to avoid burping to optimize the dis-
tension of the gastric pouch. The scan was performed imme-
diately after in a craniocaudal direction during inspiration
without additional IV contrast media administration. The fol-
lowing scan parameters were used: x-ray tube voltage,
120 kV; automatic tube current modulation, gantry rotation
speed, 0.5 s; and beam collimation 192 × 0.6 mm. A PACS
workstation (IMPAX software) was used for CT interpretation
and postprocessing was completed with SyngoVia (Siemens
Healthineers, Erlangen, Germany).

For volumetry, the pouch was identified, with the
gastrojejunostomy considered its distal margin. The gastro-
esophageal junction was considered the proximal end of the
staple line, as the angle of His was dissected free in all pa-
tients. The length of the pouch was measured from the
gastrojejunostomy to the proximal end of the staple line, re-
gardless of whether it ended above or below the diaphragm.
The pouch was examined in multiple planes and its margins
were outlined. The complete volume of the pouch was evalu-
ated by adding together the parts of the pouch filled with air
and those filled with contrast.

Intrathoracic pouch migration was diagnosed if staple lines
were visible above the hiatus. Finally, the diameter of the
gastrojejunostomy was measured, as well as the maximum
short axis pouch diameter on a parasagittal oblique
reconstruction.

Dynamic Swallowing MRI

MR imaging was performed on a 1.5-TMRI scanner (Ingenia,
Philips Medical Systems, Best, Netherlands) with a phased
array coil placed upon the patient’s chest. Prior to the actual
exam, the clinical history was obtained by the radiologist and
the patient’s ability to swallow in the supine position was
tested outside of the MRI scanner. The MRI protocol used
in this study is shown in Table 1.

Patients were placed on the scanner table in the supine left
anterior oblique (LAO) position and an axial T2-weightened
turbo spin echo sequence (TSE) was obtained to depict the
gastric pouch and gastroesophageal junction. To determine
the optimum slice angle of the dynamic evaluation, a sagittal
oblique balanced fast field echo sequence (bFFE) was cen-
tered at the long axis of the pouch in accordance with the
T2w TSE. The bFFE sequence was then performed dynami-
cally in the paracoronal, parasagittal, and paraxial planes, with
contiguous slices beyond the outline of the pouch for full
coverage and to compensate for plane displacement due to
respiratory or swallowing motions and pouch distension. For
pouch distention, a cup filled with water was placed close to
the patient’s head in the MR gantry. The patients were
instructed to drink the whole cup (250 ml) via a long plastic
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tube while scanning. This was performed in each of the afore-
mentioned planes.

MRI interpretation was conducted on a PACSWorkstation
(IMPAX, Agfa-Gevaert) by M.A., who was blinded to the
results of 3D-CT if performed prior to the MRI. The maxi-
mum short-axis pouch diameter before and at full distension
was noted in the parasagittal plane. Volumetric analysis was
performed with commercially available postprocessing soft-
ware (QMass, Medis; Leiden, Netherlands), with the dynamic
“cine” bFFE sequence.

Statistical Analysis

IBM SPSS Statistics for Windows (v 25.0) was used for all
statistical computations. Metric data in the current study are
described using mean ± SD, if approximately normally dis-
tributed or median [min, max], if highly skewed. Categorical
data are represented as absolute frequency/sample size (per-
centages). For the assessment of rater agreement, a two-way
mixed model intraclass correlation coefficient (ICC) was used
for absolute agreement. To compare 3D-CT and MRI results,
Students’ t tests or Mann-Whitney U tests were applied. A p
value ≤ 0.05 was considered to indicate significant results. No
multiplicity corrections were performed in order to prevent an
increasing error of the second type.

Results

The present study includes a total of 12 patients (100% fe-
male), all of whom had a RYGB and an operation because of
weight regain at the Vienna Medical University. One patient
had an SG before and was converted to a RYGB. Procedures
for weight regain after RYGB were pouch resizing in two
patients (16.7%), pouch banding in nine patients (75%), and
a combination of both in one patient (8.3%). Weight and BMI
at the time of RYGB was 140.2 ± 20.9 kg and 50.4 ± 7.0 kg/
m2 and 108.2 ± 19.4 kg and 38.9 ± 6.7 kg/m2 at the time of the
weight regain procedure, respectively. The interval between
the RYGB and the weight regain procedure was 69.0 ±
29.1 months, on average. Within the end of the follow-up
(57.8 ± 38.2 months after RYGB), the patients were able to

decrease their weight and BMI to 93.0 ± 17.1 and 33.4 ± 6.0
(Table 2).

None of these patients was suffering from reflux after the
RYGB, but three patients (25%) had reflux postoperatively
after the pouch banding and are now on proton pump inhibi-
tors to treat their symptoms. Two (16.7%) had temporary dys-
phagia, but the band did not have to be removed in any of
them.

3D-CT Volumetry

The 3D-CT volumetry results from all 12 patients included a
mean pouch volume of 43.5 ± 30.2 ml. Further, the mean
short-axis pouch diameter at its maximal distention during
swallowing was 31.0 ± 10.0 mm and the mean diameter of
the anastomosis was 13.0 ± 4.0 mm. Seventy-five percent
(nine patients) had staples above the diaphragm, which was
interpreted as intrathoracic pouch migration. In terms of radi-
ation exposure, the mean dose-length product in the 3D-CT
scans was 282.6 ± 149.7 mGy/cm (Table 3).

Table 2 Patient characteristics (n = 12)

All patients (n = 12)

Sex (female) (%) 100

Before RYGB

Median age OP (years) 36.7 ± 11.1

Weight (kg) 140.2 ± 20.9

BMI (kg/m2) 50.4 ± 7.0

Interval RYGB–WR procedure (months) 69.0 ± 29.1

Before WR procedure

Weight (kg) 108.2 ± 19.4

BMI (kg/m2) 38.9 ± 6.7

After WR procedure

Mean follow-up (months)a 57.8 ± 38.2

Weight (kg) 93.0 ± 17.1

BMI (kg/m2) 33.4 ± 6.0

OP operation, BMI body mass index, EWL excess weight loss, RYGB
Roux-en-Y gastric bypass, WR weight regain
a Referring to the WR procedure

Table 1 MRI protocol
Sequence Voxel size (mm) Slice thickness (mm) Flip angle TR (ms) TE (ms)

T2 TSE axial 1.4 × 1.6 × 3.0 3 90° 448 80

dyn. bFFE sagittal 1.7 × 1.9 × 5.0 5 60° 3.26 1.63

dyn. bFFE axial 1.7 × 1.9 × 5.0 5 60° 3.55 1.78

dyn. bFFE coronal 1.7 × 1.9 × 5.0 5 60° 3.49 1.75

TR repetition time, TE echo time, bFFE balanced fast field echo sequence, TSE turbo spin echo sequence, ms
milliseconds, mm millimeter
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Swallow MRI

Results of the swallowing MRI as a dynamic examination in
the same 12 patients showed a mean pouch volume before the
liquid bolus of 9.5 ± 5.5 ml and of 40.4 ± 21.0 ml at maximum
pouch expansion (Figs. 1 and 2). The mean diameter of the
anastomosis was 13.1 ± 3.6 mm. Before liquid bolus inges-
tion, the mean short-axis diameter of the pouch was 15.9 ±
5.2 mm, and after the liquid bolus, it proved to be 35.3 ±
5.9 mm. In the swallowing MRI, the same nine patients
(75%) were again identified with intrathoracic pouch migra-
tion (Table 3).

Comparing the two examinations of 3D-CT and swallow
MRI in terms of pouch volume (p = 0.83), the diameter of the
pouch in its maximal distension (p = 0.16), the diameter of the
anastomosis (p = 0.76), and pouch migration (p = 1.00), the
results were quite comparable and no statistically significant
differences were identified (Table 3).

Discussion

The current study presents comparable results of 3D-CT and
swallow MRI in terms of pouch volume, diameter of the
pouch/anastomosis, and rates of ITM. The pouch volume
measured in swallow MRI before administering any liquid
was more than four times smaller than at maximal pouch
distention in this study. The exact volume measured at maxi-
mal distention in swallow MRI (with water) was quite similar
to the volume measured in 3D-CT (with oral contrast and
effervescent granules) after swallowing. Thus, this study dem-
onstrates that swallow MRI has no disadvantage in the repro-
ducibility of measurements compared to 3D-CT.

To the authors’ best knowledge, there is no study available
in the literature on swallow MRI in RYGB patients as yet.
Only one prior study reported pouch measurements with
MRI in patients who received adjustable gastric banding
(AGB) [11]. However, this was performed statically without

Fig. 1 A 30-year-old female who underwent RYGB, pouch resizing, and banding; parasagittal dynamic bFFE MRI (a) and reconstructed 3D-CT (b)
demonstrate the distended pouch. There is mild ITM

Table 3 3D volumetry CT and
swallow MRI (n = 12) 3D-CT MRI p value

Pouch volume pre-swallow (ml) – 9.5 ± 5.5 –

Pouch volume post-swallow (ml) 43.5 ± 30.2 40.4 ± 21.0 0.83

Diameter anastomosis (mm) 13.0 ± 4.0 13.1 ± 3.6 0.76

Max. pouch diameter pre-swallow (mm) – 15.9 ± 5.2 –

Max. pouch diameter post-swallow (mm) 31.0 ± 10.0 35.3 ± 5.9 0.16

DLP (mGy/cm) 282.6 ± 149.7 – –

Pouch migration 75% 75% 1.00

RYGB Roux-en-Y gastric bypass, DLP dose-length product, 3D-CT three-dimensional computed tomography,
MRI magnetic resonance imaging
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pouch distension. In contrast, the presented series of patients
confirms the feasibility of swallow MRI as a dynamic exam-
ination in patients after RYGB.

While there are no studies on swallow MRI in RYGB pa-
tients available at this point, a small number of studies have
reported the use of swallow MRI in patients with normal gas-
tric situs [10], after laparoscopic sleeve gastrectomy (LSG)
[12], after fundoplication [9, 13], or to evaluate specific dis-
eases of the esophagus/pharynx [14].

To evaluate the role of dynamic swallow MRI for the
assessment of gastroesophageal reflux and esophageal
motility disorders in patients with normal gastric situs, a
study with 37 GERD (gastro-esophageal reflux disease)
patients found that the results of 24-h pH-metry and ma-
nometry were concordant in 82% of patients with reflux
and 67% of patients with esophageal motility disorders.
Further, the authors reported swallow MRI to be particu-
larly suitable for the evaluation of the persistence and the
size of hiatal hernias [10]. Also, Hosseini A. et al. studied
the detection of hiatal hernias with swallow MRI and en-
doscopy in 107 patients with GERD symptoms. In 79% of
patients, hiatal hernias were detected at either one or both
examinations, while 25% of hiatal hernias were detected
only during a Valsalva maneuver in swallow MRI. These
results lead to the conclusion that both examinations were
complementary in the detection of hiatal hernias [15].

Advantages and Limitations of Swallow MRI

The aforementioned studies highlight the fact that swal-
low MRI is a feasible examination in patients with normal
situs and diseases of the pharynx and esophagus, as well
as for the evaluation of the postoperative gastroesophage-
al junction. The advantages of using this examination in a
bariatric surgical setting have, however, not been ad-
dressed in the literature, as yet. The current study shows
the feasibility of this examination with results quite com-
parable to those of 3D-CT.

Does swallow MRI add any value to pouch evaluation
in bariatric patients compared to 3D-CT? First, it should
be noted that swallow MRI does not include any radia-
tion. Further, swallow MRI facilitates observation of the
whole swallowing process, as it is a dynamic examina-
tion. Thus, the examiner is able to focus on the diameter
of the pouch when it is entirely filled with liquid in order
to measure the real maximal diameter of the pouch. In
particular, the evaluation of very short pouches may ben-
efit from this fact, as liquid may pass quickly in a short
pouch, and can, therefore, present with inadequate disten-
sion on 3D-CT. Finally, the dynamic nature of swallow
MRI may prove very useful in patients with sliding her-
nias suffering from dysphagia, as the examination will
reveal the manner in which the pouch is emptied.

Limitations of swallow MRI for pouch evaluation are
that the accuracy of the measured volumes is lower than
those in 3D-CT. Due to the dynamic process and the lon-
ger acquisition time, MR volumetry is less precise than
3D-CT. ITM is easily detected on CT when staple lines
are located above the diaphragm. Although staples are
generally better visible on CT than on MRI, a hiatal her-
nia detection rate of up to 85% is described in the litera-
ture for MRI [9] and all hernias were correctly identified
on MRI in the present study. Another disadvantage of
swallow MRI compared to static 3D-CT is that the
swallowing process must take place in the supine posi-
tion, which may not be possible in every patient.

In terms of costs, MRI is usually more expensive
than CT. The reimbursement by (public) health insur-
ance varies considerably for each examination interna-
tionally. In Austria, the costs of swallow MRI are 1.7
times higher than of 3D-CT.

Imaging in CT takes only seconds; however, positioning of
the patient, oral administration of contrast medium, and intake
of the effervescent granules result in a total examination time
of about 5 min. By comparison, a study using the same plastic
tube technique in swallow MRI reported an average examina-
tion time of 32 min [9].

Fig. 2 A 50-year-old female who underwent RYGB, pouch resizing, and banding (a short, bold arrow); dynamic MRI shows filling of the pouch during
fluid intake (a long arrows). Moderate ITM was suspected and confirmed by CT (b short arrow indicates staple lines above the diaphragm)
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Limitations

The patient collective in the present study was inhomogeneous
due to the different kinds of weight regain procedures the patients
had after RYGB. Nevertheless, the pouch volumes were quite
uniform, making a comparison possible, as pouches had been
resized during the weight regain procedures if necessary.

The high rate of intrathoracic pouchmigration detected by3D-
CT and MRT may, in part, be due to the fact that patients were
scanned in the supine left anterior oblique position, which results
in less downward traction of the pouch than an upright position.

Although this is the first study to compare swallow MRI
scans to 3D-CT scans of the pouch in RYGB patients, the
number of patients included in this study is too small to draw
any definitive conclusions.

Conclusion

Swallow MRI is a valid method for the evaluation of pouch
volume during the different phases of the swallowing process
due to its additional dynamic acquisition. There was no inferior-
ity in terms of diagnosis of ITM compared to 3D-CT. Further
studies with larger series that would perform swallow MRI in
different bariatric procedures are needed to confirm these results.
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