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Abstract

Aim: After bariatric surgery, a variety of complaints may arise. ldentification of the causes of such symptoms is often
challenging due to the postoperatively modified anatomy. While standard examinations with upper endoscopy and upper
gastrointestinal series might miss the three-dimensional anatomic nature of the problem, quantitative three-dimensional
computed tomography volumetry (3D-CT) of the upper gastrointestinal tract offers a novel, adjunctive examination,
revealing the detailed anatomy. The aim of this study was to analyse the clinical value of 3D-CT in post-bariatric patients.

Methods: Prospective data of 279 patients, who underwent 3D-CT due to complications after different bariatric
procedures, were retrospectively analysed. Directly before examination, the surgical-modified stomach was distended
with an effervescent-powder. CT images were 3D-reconstructed and, further, gastric volume was calculated.

Results: In total, 279 patients were examined. Time between surgery and examination was significantly different
between Roux-en-Y gastric bypass (7 = 168) (54.3 + 38.6 months) and sleeve gastrectomy (7 = 78) (27.8 + 21.7 months)
(P = 0.0001). Others, less numerous, but included procedures were one-anastomosis/mini gastric bypass (7 = 11) , and
dated procedures, such as the vertical banded gastrostomy. The examination allowed calculation of the gastric volume,
and the 3D-reconstructions depicted accurately the pivotable anatomic details of the modified upper gastrointestinal
tract with 360° view. As a robust result, patients with a higher gastric volume showed more weight regain after sleeve
gastrectomy.
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Conclusion: 3D-CT is easy-to-perform and facilitates identification of the post-surgical three-dimensional gastric
anatomy. It represents a valuable additional diagnostic tool in post-bariatric patients with post-procedural complications.
3D-CT might be an important preoperative tool prior to revisional surgery. In addition, this is the only exact and
reproducible calculation of the gastric volume.
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INTRODUCTION

Bariatric surgery has been shown to be an effective and safe treatment for obesity and metabolic
disorders"™. However, a number of postsurgical complications may arise, including gastroesophageal
reflux disease (GERD), epigastric pain, vomiting, and, especially in bariatric patients, poor weight loss
or weight regain”, These symptoms can appear at different times. Some are evident already shortly
after the operation, but others appear only years after a procedure. Whilst weight regain is such a special
issue in bariatric patients, an objective measurement of gastric or pouch volume is difficult, even if the
increase in gastric volume is being discussed more and more as an underlying cause. Comparability
of former, contemporary and future examinations is even more complex. Upper endoscopy (UE) and
upper gastrointestinal series (UGI) are the most important diagnostic tools after general surgery of the
upper gastrointestinal tract. While the sensitivity of UE is high in patients with upper gastrointestinal
symptomsm, in the case of insufficient weight loss or weight regain, as well as in anatomically confusing
conditions, UE and UGI contrast studies are often not conclusive. UE is more useful in gathering
information concerning pouch- or stoma-related complications, whereas UGI is a more effective means
of detecting oesophageal or Roux-limb abnormalities”, all of which are possible standard reasons for
upper abdominal pain after bariatric surgery, but mostly do not account for an occurring weight regain or,
moreover, the special complications that have already tried to be clarified before and elsewhere.

Quantitative three-dimensional computed tomography volumetry (3D-CT) of the upper gastrointestinal
tract is a not very widespread technique and is rarely used in general, but for years has been frequently
used in some specialised bariatric centres. By providing pivotable, 3D-reconstructed pictures of the
anatomy, on the one hand, it enables robust and accurate preoperative planning in patients undergoing
complex revisional bariatric surgery[sl. On the other hand, and as a worthwhile side-effect of the technique
itself, 3D-CT is a useful and exclusive tool for accurate volume measurement. For example, with the aid
of 3D-CT, Hanssen et al.”’ demonstrated that initial sleeve volume > 100 mL is significantly related to
insuflicient weight loss after bariatric surgery.

The aim of this study was to demonstrate the clinical usefulness of 3D-CT to assess accurately the shape
and anatomy, and, further, its additional value as an exclusive diagnostic tool for gastric volumetry and
quantitation after bariatric surgery.

METHODS

Examination protocol of the 3D-CT
To achieve a high level of comparability, a standardised examination protocol for the 3D-CT was invented
and established years ago. A dedicated and trained bariatric team monitored all examinations.

Patients had to fast at least 6 h before the scheduled examination. To prepare for the CT-study, shortly before
the examination, all patients received 20 mg butylscopolamin as intravenous injection to reduce gastrointestinal
motility during the procedure. Immediately before scanning, each patient swallowed 11.8 g (two sachets) of a
commercially available effervescent powder (Ahoi Brause, Frigeo), which is normally used in the preparation
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of an aromatised, acidulous sherbet or just as sour candy. A contrast itself is not necessary for the
examination. Patients were already sitting on the CT-table during the intake. The effervescent powder
creates an instant froth, thus causing immediate distention of the stomach and its adjacent anatomical
structures during examination. In addition, the patients were instructed to keep the froth strictly within
the stomach and therefore avoid belching. Another reason for insufficient distention can be a prolonged
time span between intake and examination. Thus, immediately after intake, the patient lies back to a supine
examination position. Directly afterwards, the images are acquired using a Philips Brilliance 64-slice CT-
scanner. The scan itself is recorded with a collimation of 32 mm x 1.25 mm. This defines the table traverse
speed during one gantry rotation of 32 mm, thus capturing a 1.25 mm layer. The corresponding pitch factor
is 0.906. After the examination, the 3D- reconstruction is calculated with the Philips workstation and the
IntelliSpace Portal. The resulting 3D-pictures are 360° rotatable, and accurately display the stomach and its
adjacent gastrointestinal structures, here integrated in the patient’s semi lucent skeleton.

Statistics

During 24 months, 279 patients underwent the 3D-CT at Sana Klinikum Offenbach, a high-volume
certified centre of excellence for obesity and metabolic surgery by the European Accreditation Council
for Bariatric Surgery, as part of our standard diagnostic algorithm for patients after bariatric surgery with
remaining unclear symptoms after standard diagnostic examinations (UE and UGI). Patients with various
bariatric procedures were included [sleeve gastrectomy (SG), Roux-en-Y gastric bypass (RYGB), one-
anastomosis/mini gastric bypass (OAGB/MGB), gastric banding (GB), vertical banded gastrostomy (VBG)
and biliopancreatic diversion (BPD)], which led to the definition of three main subgroups (Bypass, SG and
others). Examination data were collected prospectively and evaluated retrospectively.

Demographic and clinical data include gender, age, height in cm, weight in kg, BMI in kg/m? prior to
surgery and prior to the examination and excess weight loss (EWL) in assuming ideal body weight to be
that equivalent to a BMI of 25 kg/m’. Time between surgery and examination was considered. Statistical
analysis was performed using SPSS 11.0 statistical software for Microsoft Windows (SPSS Inc., Chicago,
IL, USA). Continuous variables, when normally distributed, were reported as mean, standard deviation
(SD) and range. Intergroup differences were tested by a two-sample ¢ test for normally distributed data. A
P-value < 0.05 was considered significant.

The study was conducted in accordance with the principles of the Declaration of Helsinki. This analysis
represents a partial result of a study, evaluating postsurgical endoscopies within this period, which was
reviewed and approved by the ethics committee of the regional regulatory institution, Landesdrztekammer
Hessen (FF 111/2016; ClinicalTrials.gov Identifier: NCT03532646). Additionally, all participants provided
written informed consent for data sharing.

RESULTS

Descriptive statistics

General patient data

This study included 279 post-bariatric patients [Table 1], of whom 223 were females (79.9%). Only some of
the patients came from the centre’s primary collection. Nearly 37% (103/279, 36.91%) were referred from
other national or international bariatric centres, with the treatment mandate to solve complications that
were previously intractable.

Significantly more than half of the patients (183/279; 65.6%) underwent a bypass procedure (proximal
Roux-en-Y, n = 168, and OAGB/MGB, n = 15) and 74 patients (26.5%) had a sleeve gastrectomy. Patients’
data are shown in Table 1.
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Table 1. Patient data

RYGB SG OAGB/MGB BPD-DS/BPD/SADI-S GB VBG
n 279 (F223/M56) 168 (F142/M26) 78 (F56/M22) 11 (F7/M4) 7 (F7/M0O) 15 (F13/M2)
Age (y) 43.88 +10.87 4584 +111 46.09 +9.48 45.86 +9.84 46.80+9.26
Height (cm) 166.84 +7.93 169.91+10.04 17014 + 811 166.57 + 6.65 166.73+9.28
Weight at surgery (kg) 140.88 +£26.91  159.35+30.58 165.45+29.97 172.00 +34.08 152.93+35.78
Weight at examination (kg) 100.03£26.64 12015+34.26 112.89 +34.09 108.91+15.91 126.20 +25.42
BMI (kg/m?) at surgery 50.68 +9.02 5514 +912 57.09 +8.75 61.61+8.87 54.85+1216
Excess weight at surgery (kg) 74.0+25.0 89.45+26.53 95.32+2694 105.43 +£29.38 86.20 £32.52
EWL (%) 57.27 +£29.28 46.26 +26.35 56.12+31.95 5511+ 23.89 22.00 +45.69
TBWL (kg) 4092 +21.87 39.20 +23.44 52.56 +33.07 63.09 +43.40 26.73+ 2712
TBWL (%) 28.75+14.20 2495+1370 3118 £17.81 3411+16.93 15.07 £18.69
Time-elapse from surgery to examination (months) 54.28 +38.54 2778 £21.71 16.45 +15.46 4214 +£17.24 173 £52.71

RYGB: roux-en-Y gastric bypass; SG: sleeve gastrectomy; BPD: biliopancreatic diversion; GB: gastric banding; VBG: vertical banded
gastrostomy; EWL: excess weight loss; BMI: body mass index; OAGB/MGB: one-anastomosis/mini gastric bypass; Sadi-S: Single
anastmosis duodeno-ileal bypass with sleeve gastrectomy; TBWL: total body weight loss; BPD-DS: biliopancreatic diversion with
duodenal switch

Procedure data

The medium time from primary surgery to introduction was 51.34 + 46.85 months in the overall cohort (n
= 279). Eleven patients (1 = 11) presented with rarer and more dated procedures, including GB and VBG.
In those patients, time between surgery and re-evaluation due to complaints was 173.20 + 52.71 months.
All those bariatric procedures other than RYGB or SG were combined and added to this third subgroup,
including GB, VBG (together n = 15), BPD (n = 7) and OAGB/MGB (n = 11) procedures (total n = 33).
Analysing the other two main subgroups - RYGB and SG - demonstrated a highly significant difference in
the time between surgery and reported complaints. Time span to the actual reported emergency-evaluation
was 54.3 + 38.6 months after a RYGB and 27.8 + 21.7 months after SG (P = 0.0001).

Complaints - weight regain

The vast majority of patients reported non-specific worsening abdominal pain, which was the most
common indication for examination. However, a closer exploration often revealed the most feared patient
concern, which is weight regain (49.82%; 139/276) regardless of the severity of the existing complaints. This
additionally affected 61 patients after SG (78.20% 61/78) and 65 patients after RYGB (38.7%; 65/168). The
medium gastric volume of the 3D volumetry was 174.41 + 59.36 mL in SG and 47.91 + 20.86 mL in RYGB.
The Pearson’s chi-square value was calculated for all SG volumes and the contemporarily related EWL. A
bilateral signification of 0.005, (P < 0.01) as inverse relation was found between volume and EWL with a
confidence level of 99%.

GERD and hiatal hernia

GERD was another frequently reported symptom, which affected predominantly patients with SG (39/78;
50%), VBG, GB and BPD (in total, 52/279; 18.63%). After sleeve gastrectomy, 3D-CT revealed in 47.29%
(35/74) a hiatal hernia, whereas, following RYGB, hiatal hernias were detected only in 16.07% (27/168). It is
noteworthy that there was no significant difference in the detection rate or the longitudinal quantitation of a
hiatal hernia, when the results of endoscopic examination and 3D-CT were compared (2.55 + 0.82 cm vs. 2.24
+ 1.13 cm in RYGB and 3.04 + 1.23 vs. 2.69 + 1.59 in SG). However, especially in difficult cases, the detailed
imaged anatomy showed more details, which were easier to reveal, and therefore provided additional and
often therapy-critical information. It directly influenced the objectivity of findings and, thus, the decision-
making security. Due to the additional information resulting from 3D-CT, which revealed a twisting,
relative constriction or a remnant and herniated part of the fundus after SG, 12 of the patients underwent
directly conversion to RYGB without previous conservative therapeutic attempt. The major finding was that
3D-CT had direct impact on the resulting patient treatment in more than 21% of cases, without performing
another UGI, which had already previously been carried out without success in the referring departments.
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Table 2. Results and comparison of upper endoscopy and 3D-CT

RYGB UE RYGB 3D-CT SG UE SG 3D-CT
Hiatal hernia Longitudinal measure (cm) 2.55+0.82 2.24+113 3.04+1.23 2.69+1.59
Volume (mL) 4791+ 20.86 174.41 £ 59.36
Diameter of the pouchoutlet (cm) 391+ 0.71 216 +0.67

UE: upper endoscopy; 3D-CT: three-dimensional computed tomography volumetry; RYGB: roux-en-Y gastric bypass; SG: sleeve
gastrectomy

Figure 1. Patient after sleeve gastrectomy with remnant part of fundus, which is herniated to the mediastinum. The sleeve itself is twisted:
Endoscopic and 3D-CT view

Pouch-outlet measurement

Another significant difference was found when comparing the diameter measure of the pouch-outlet in
patients with RYGB. With 3D-CT, the mean diameter was 2.16 + 0.67 cm vs. 3.91 + 0.71 cm with endoscopic
measurement (P < 0.001) [Table 2].

Clinical cases as visual exemplification of the results

Case 1

A patient after SG with a remnant fundus, which herniated secondarily to a para-oesophageal position.
After an odyssey of diagnosis and therapy attempts, the patient was referred in malnourished condition
and with recurrent insatiable vomiting and regurgitation. The endoscopic passage was possible without any
problems; several external UGIs and even CT scans could not give a decisive clue [Figure 1A-C].

Thus, the indication for examination was the detective assessment of possible underlying anatomical
peculiarities. UE already showed the paraesophageal herniation, but could not demonstrate the directly
subdiaphragmatic located first bend of the S-shaped kinking. Imaged by 3D-CT, the adjunctive and crucial
anatomical details were firstly a SG double-twist, beginning shortly beyond the diaphragm and secondly
the accurate position and tightness of the cardia in relation to the herniation, both exiguous details that
were missed during UE and previous external UGIs. According those findings, immediate adhaesiolysis,
rest-fundus resection and conversion to RYGB was scheduled after two years of complaints.

Case 2

A patient after SG with a subtotal stenosis at the angulus fold, which was not easily passable during
UE. UGI had shown the very tight stenosis, but only 3D-CT revealed the enormous extent of dilatation
of the antrum. The treatment algorithm would have primarily indicated an attempt of dilation. This
was dispensed not only because of the tightness of the stenosis, but especially because of the enormous
dilatation of the antrum, which needed surgical re-resection [Figure 2A and B].

The patient underwent direct conversion to RYGB.
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Figure 3. Patient after vertical banded gastroplasty. Endoscopical and 3D-CT view

Case 3

A patient after VBG. The indication for examination was weight regain and non-specific pain in the upper
abdomen. Resection lines for the conversion to RYGB were planned with regard to the 3D-CT, which
showed perfectly the positioning of the Silastic ring and the length of the vertical partition staple line
[Figure 3A-CJ.

Cases 4 and 5
Implants and their anatomical position can be surround-viewed from all angles and sides, due to full 360°
rotatability of the images [Figures 4 and 5].

Case 6
A patient after RYGB. Fully distended Candy Cane, visible from different angles [Figure 6A and BJ.

DISCUSSION

Besides the very detailed anatomical pictures, as shown above, which are invaluable as indication and
surgery planning guidance in complex revisional surgery, by far the most convincing advantage of 3D-CT
is the additional possibility of volumetry.

Weight regain is of special concern in bariatric patients and effective therapy necessitates an objective
measurement of gastric volume. Concordantly, our results and the recent results of Hanssen et al.” clearly
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Figure 4. Banded bypass

Figure 5. Roux-en-Y gastric bypass with minimiser

demonstrate that SG volume plays a decisive role in weight management (initial weight loss, weight loss
failure and possible weight regain). Weight regain is the most feared concern not only in bariatric patients.
Actually, SG is globally the most applied bariatric procedure and weight regain occurs frequently after
this procedure. 3D volumetry might be a new focus of diagnostic interest for two reasons. Firstly, it shows
a rotatable 3D model of the stomach and its attached structures, even under the most difficult anatomical
conditions. In addition, it allows a precise and highly reproducible evaluation of volume alterations of the
stomach.

3D-CT is the only accurate diagnostic option available for these purposes. Different bariatric procedures
and different surgical techniques lead to varying outcomes, which present challenges pertaining to
the evaluation of post-surgical volume and gastro-intestinal (GI) anatomy, especially in regard to the
comparability of former, contemporary and future examinations. For this purpose, a protocol should be
followed that provides standardised procedural principles for all examinations, thus granting comparability
of the results. A diagnostic algorithm is shown in Figure 7.
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Figure 6. Patient after roux-en-Y gastric bypass. 3D-CT shows the fully listended candy cane in a 360° view

| Complaints after bariatric surgery |

| Vomiting, Regurgitation ” Reflux, Heartburn || Abdominal Pain |

— .

First intfroduction after bariatric surgery Recurrent complaints,
after a symptom-free interval referred from another center
Patient history Ultrasound Blood test
Vv H
v
UE | var | [ |

Figure 7. Diagnostic algorithm
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It remains undisputed that, in early perioperative complication management, with special regard to the
detection of leaks or stenosis, UGI is the first choice of diagnostic measures. While UE serves as a useful
routine examination in patients presenting with upper GI symptoms, 3D-CT allows additionally a more
detailed evaluation of post-procedural gastric anatomy and its adjacent structures, enabling easier detection
and differentiation of longer-term complications such as sleeve dilatation or thoracic migration[m’“].
In sleeve dilatation, a tight sleeve diameter at the angulus fold may cause dysphagia, regurgitation and
vomiting after food intake comparable to the symptoms of a hiatal hernia with tight cardia. Thus, thoracic
migration is less frequently associated with pure oesophageal reflux symptoms and heartburn. Functional
SG stenosis may result in pre-stenotic dilatation of the proximal part of the sleeve. In both entities, 3D-
CT imaging is a very useful adjunctive diagnostic tool. It shows the functional anatomy that a highly
experienced bariatric endoscopist also might be able to notice, but 3D-CT represents the anatomy as
examiner-independent, objective imaging.

A further distinct advantage of 3D-CT is the clear depiction of implanted devices (e.g., bands), and their
precise anatomical position, which is not possible with UGI due to the lack of tissue extension during the
examination.

Additionally, in this study, we evaluated and compared the results of UE with those of 3D-CT for the
measurement of the pouch outlet. In contrast, 3D-CT is not the diagnostic tool of choice for that purpose.

In almost all cases, the diameter of the Pouch outlet during 3D-CT appeared smaller than was indicated by
direct measurement during endoscopy (P < 0.001). This may result from the different extension pressures
applied during the respective examinations: whereas, in 3D-CT, the foaming effervescent powder creates
enough pressure to gently distend the gastric wall, direct air inflation via endoscope, positioned directly
above the anastomosis, causes considerably greater distention. Remarkably, therefore, the pouch outlet after
RYGB was significantly underestimated in the examination with 3D-CT.

This is of particular significance in cases of dumping syndrome, a known long-term complication of

RYGB, which is often related to an enlarged pouch outlet. For planned outlet reduction procedures in these
. . . . . [15]

patients, UE remains the diagnostic tool of choice

From an economical point of view, the costs of 3D-CT are only slightly higher than those of UGI, with
current costs of 162.50 euro vs. 225 euro, as calculated by the state health insurance point system in
Germany. An additional contrast to the effervescent powder is not necessary for the examination.

3D-CT images reveal three-dimensional information, which is unattainable by alternative examination
methods, and allows precise location of the anatomical structures of the upper GI tract. While shape and
volume measurements of SG may be repeatedly assessed using this method, the optimal volume of SG or pouch
in RYGB remains as yet undefined, but Hanssen et al” recently showed the benefit of a volume < 100 mL",
The patients in our SG group had an average volume of 174.41 + 59.36 mL at a reported rate of weight regain of
78.20%. At least this seems to prove that a volume of 174.41 mL is too large to maintain the gastric restriction
and thus leads to a loss of satiety.

3D-CT scan offers a superior technique for the evaluation of volumetric questions, whereas two-dimensional
measurements, such as the objectively verifiable diameter of an anastomosis or stenosis, are obviously better
assessed by direct measurement with endoscopy.

3D-CT examination requires a bariatrically trained radiology team with a standardised protocol for best
results, as described above.
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This study is limited by the retrospective nature of the data analysis. In addition, the data were collected
in a single-centre study, although 3D-CT is a well-established diagnostic tool in this high-volume certified
centre of excellence for obesity and metabolic surgery.

To conclude, 3D-CT is quick, easy-to-perform and facilitates identification of the post-surgical gastric
anatomy. It represents a valuable additional diagnostic tool in post-bariatric patients with post-procedural

complications, since UE and UGI might miss the three-dimensional post-bariatric anatomy. 3D-CT might

be an important preoperative tool prior to revisional surgery and an ideal diagnostic complement in

patients with post-surgical complications following obesity surgery.
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