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Abstract

It has been shown that three-dimensional radiological reconstruction from CT scan images is very useful in the preoperative
planning of complex cases using the patient's preoperative studies. It has been seen to have the most benefit in hepatobiliary
and colorectal surgery. Different reconstruction means have been proposed, but all of them are considered validated to plan
the critical steps of the intervention. This paper presents our 3D reconstruction model of post-bariatric surgery anatomy, to
propose its applicability in revisional surgery. Anatomical models of three-dimensional stomach imaging and post-surgery
anatomy have been developed. CT scan images are obtained with the Siemens Somatom Perspective 64equipment. Image
recovery is in DICOM format and the processing to achieve three-dimensional reconstruction is done with the OsiriX computer
program, performing a complete segmentation of the entire surface to be reconstructed, and a modification of image density.
The obtaining of three-dimensional reconstruction images of post-bariatric surgery anatomy allows to develop models that
can improve preoperative planning in revision surgery cases, but the risk-benefit of the radiation produced by the CT scan
must be assessed to do it systematically.
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Introduction diagnoses of many pathologies, and has greatly enhanced

the anatomical understanding of certain lesions and all

The use of three-dimensional reconstruction technology their anatomical relationships [2,3]. Moreover, in terms of

has represented a significant advance in radiological preparation and treatment planning, 3D reconstructions

techniques [1]. Its routine use, along with the already known have led to a clear improvement with optimized results, and
advances in imaging techniques [1], has improved the increased patient safety [2,3].
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The field of hepatobiliary surgery has probably
experienced the most evolution as a result of the
implementation of 3D technology in preoperative planning,
allowing for complete anatomizing of the lesions to be excised,
knowing in great detail their location, visceral relationships,
and vascular relationships [4,5]. Real-scale printed
models have even been developed from the radiological
reconstruction, which allow systematizing the steps of the
intervention before it is performed [6,7]. Colorectal surgery
has also experienced a great evolution in the preparation of
complex cases, in order to understand the morphology of the
different colonic segments, to have a more precise location of
the lesions and their anatomical relationships, and a better
arrangement of the laparoscopic trocars [8-12]. Similarly,
abdominal wall laparoscopic surgery has been making
progress in recent years in the development of techniques,
using image processing as a fundamental pillar in this fact

[2].

There is less experience in the field of bariatric surgery,
where this technology has not been apparently useful in
primary surgery [13,14]. However, with the increase that
revisional bariatric surgery is experiencing in recent years,
a new path opens in preoperative planning [13,14]. Cases
of failure of vertical gastrectomy due to weight regain,
abdominal pain or digestive intolerance due to sleeve
stenosis, or the need for resection of the gastrojejunal
anastomosis of the bypass due to dysfunction, ulcer or
stenosis, can benefit from 3D reconstruction of images.
The making of a new gastric tube after resizing calculated
according to the existing volumetry, or the making of a new
reservoir with anastomosis knowing the initial length of it,
either from a previous sleeve or bypass, guarantees more
reliable postoperative results [13,14].

This paper presents the development of 3D anatomical
models of post-bariatric surgery anatomy and their
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application in revisional laparoscopic surgery.

Materials and Methods

The study is limited by the need to have a prior
abdominal CT scan, performed as a diagnostic study, either
due to complications of their bariatric process or some other
diagnostic problem.

Anatomical models of three-dimensional stomach
imaging (Figure 1) and post-surgery anatomy have been
developed. CT scan images are obtained with the Siemens
Somatom Perspective 64® equipment, with image slices
3 mm thick. Image recovery is in DICOM format and the
processing to achieve the three-dimensional reconstruction
is performed with the OsiriX® software, performing a
complete segmentation of the entire surface (Figure 2)
of the esophagus, the stomach, and the first portion of the
alimentary loop in the case of the bypass, and a modification
of image density [10,11].

Figure 1: 3D reconstruction model of the stomach of a non-
operated patient.

Figure 2: manual segmentation and density change of the stomach surface in CT slices.
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Results

We present the 3D reconstruction models of the post-
primary bariatric surgery anatomy of three intervened
patients who are candidates for revisional surgery.

Case 1: Laparoscopic vertical gastrectomy with sustained
abdominal pain without evidence of complication (Figure 3).
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Case 2: Laparoscopic vertical gastrectomy with abdominal
pain and digestive intolerance due to partial stenosis of the
gastric sleeve (Figure 4). Case 3: Gastrojejunal anastomosis
of laparoscopic gastric bypass stenosed due to anastomotic
ulcer. The cases were assessed in the preoperative planning
of the reintervention (Figure 5).

Figure 3: Case 1: 3D reconstruction model of laparoscopic vertical gastrectomy with no evidence of complication.

Figure 4: Case 2: 3D reconstruction model of laparoscopic vertical gastrectomy with suspicion of partial stenosis.

Figure 5: Case 3: model of laparoscopic gastric bypass gastrojejunostomy with clinical evidence of stenosis.
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Discussion

The multidisciplinary approach to complex cases in any
field of surgery is essential to ensure a good postoperative
outcome [15]. In addition, specifically assessing each
situation provides the patient with the security of receiving
a completely individualized surgery, which is therefore much
more planned and safe [15].

3D reconstruction technology brings significant benefits
in these situations, as it allows for detailed knowledge of
anatomical structures, including disposition references,
relations with adjacent organs, length, and volumetry, which
can be fundamental in surgical planning, especially when it
comes to a reintervention [11-14].

Primary bariatric surgery performed in specialized units
achieves excellent results in both weight loss and resolution
of comorbidities [16]. The percentage of excess BMI lost
achieved by vertical gastrectomy is 68.3%, and by gastric
bypass it is 76%. Regarding the resolution of associated
comorbidities such as arterial hypertension, sleep apnea
syndrome, arthropathies, and hyperuricemia, no statistically
significant changes are shown in favor of one procedure or
the other 3 or 5 years after surgery [17,18].

Revision surgery is considered in cases of failure of the
primary technique due to poor results in terms of weight
loss (regain or insufficient weight loss), recurrence of
comorbidities, or the appearance of complications derived
from primary surgery, such as abdominal pain, digestive
intolerance, anatomical rotation, tube stenosis, anastomotic
stenosis, or food retention syndromes [19-22].

The latest 2018 IFSO survey reports a total of 63,000
revisional surgical procedures reported by 57 societies (9%
of the total number of total bariatric procedures, which
represents around 700,000 interventions) [22].

Knowingthemodifiedanatomyafterthefirstintervention,
through 3-dimensional radiological reconstructions, added
to what endoscopic techniques provide, offers the surgeon
basic information in order to know in advance the surgical
field they will encounter, how to comfortably approach it,
what possible complications may arise, and how to anticipate
their resolution [14].

Our reconstruction model based on CT scan images,
performing manual segmentation of the structures, and
a subsequent change in density and color for correct
identification, is very useful in pre-surgical planning of cases
of revisional bariatric surgery, and can be systematically
performed in complex cases, since the time needed to
obtain the images is completely acceptable and does not
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increase the economic cost of the intervention. It allows for
the assessment of stenotic or rotated segments in vertical
gastrectomy. Similarly, it is feasible to calculate the volume
of the gastric reservoir of the bypass for a possible resection
of the same, ensuring that enough functional stomach will
remain [14].

The risk-benefit ratio of performing a CT scan as a
protocol in case of considering revision surgery, and not
only in case of complications, should be assessed [23]. The
combination of these models with virtual reality technology,
and augmented reality, even associated with artificial
intelligence methods that should be explored [24,25], could
represent an evolution in the development of simulators and
surgical planners, not only for use in clinical practice, but
also in training and education [11,26-28].

Conclusion

The acquisition of three-dimensional reconstruction
images of post-bariatric surgery anatomy allows for the
development of anatomical models that can enhance
preoperative planning in cases of laparoscopic bariatric
revisional surgery. This, in turn, improves the development
of surgical reintervention, ensuring more successful
postoperative outcomes.
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