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Summary

Weight loss surgery remains the most effective intervention for addressing obesity, and has been shown to lead to sus-
tained weight loss, decreased morbidity, and prolonged life expectancy. With the number of bariatric procedures performed
in the United States increasing from close to 160,000 in 2011 to over 250,000 in 2018, it is apparent that bariatric surgery has
become a widely accepted weight-loss strategy for many patients.A variety of surgical techniques and imaging modalities are
available to the abdominal radiologist to evaluate bariatric patients. Relative to other imaging methods used to evaluate the
gastrointestinal (GD) tract, fluoroscopy is noninvasive, safe, inexpensive and, most importantly, provides dynamic images in real
time.The fluoroscopic imaging exam performed by the radiologist is patient-specific, and depends primarily on the pre- vs
postoperative status of the patient,as well as any specific signs or symptoms the patient is experiencing. In terms of protocol,
fluoroscopic imaging of the GI tract with barium may consist of a single-contrast exam (low-density barium contrast agent), or
it may comprise a dual-phase exam, with a double-contrast phase (high-density barium contrast agent combined with an effer-
vescent) followed by a single-contrast phase (low-density barium agent). The main challenge in fluoroscopic evaluation of the
bariatric surgery patient is patient positioning. Finally, communication between the radiologist and the surgeon is crucial to
maximizing the value of fluoroscopy.
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At the conclusion of this activity, participants should be able to:

* Review the incidence of obesity and the role of bariatric surgery as a strategy to address it

 Explain the advantages of fluoroscopy in the evaluation of the bariatric patient

e Summarize the considerations when performing fluoroscopic evaluation of the pre- and
post-operative bariatric patient

e Describe the protocols for fluoroscopic imaging of the gastrointestinal (GI) tract, including
single- and dual-phase esophagrams and upper GI examinations

¢ Detail the main challenges to performing fluoroscopy in bariatric patients

¢ Relate the value of communication between the radiologist and bariatric surgeon
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Introduction

besity rates have been climbing steadily over recent decades,
Oresulting in a dramatic increase in the number of patients with
obesity since the 1990s."?According to the Centers for Disease Con-
trol and Prevention, the overall prevalence of obesity in the United
States in 2016 was close to 40%, with over 90 million adults affected,
and even higher rates reported in Hispanics and African Americans
(47% in each).? Obesity has been linked to increases in several clin-
ically significant comorbidities, including obstructive sleep apnea,
heart disease, stroke, certain types of cancer, gastrointestinal disease,
type 2 diabetes, musculoskeletal disease, and lifestyle limitations.*?
In addition to the clinical burden, the associated costs of obesity
are also considerable: according to statistics from 2008, the annual
medical cost of obesity in the United States totaled $147 billion.?
Weight loss surgery remains the most effective intervention for
addressing obesity, and has been shown to lead to sustained weight
loss, decreased morbidity, and prolonged life expectancy.*> Candi-
dates for bariatric surgery include patients with a body mass index
(BMD) of >35 kg/m? in combination with one or more comorbidities,
those with a BMI of >40kg/m? or at least 100 Ibs. overweight, and
patients for whom prior sustained weight loss efforts have failed.®
With the number of bariatric procedures performed in the United
States increasing from close to 160,000 in 2011 to over 250,000
in 2018, it is apparent that bariatric surgery has become a widely
accepted weight-loss strategy for many patients.’

University of Alabama, Birmingham
Department of Radiology

UAB Medicine is a top academic medical center in
the United States and continually ranks as one of
the Best Hospitals by U.S. News & World Report.
Located in Birmingham, Alabama, UAB Medicine
is recognized as a leader in world-class patient
care, research, and training. Today, UAB Hospital,
a 1,157-bed facility, is the centerpiece of a vast
medical campus that includes numerous research
laboratories and clinics. The Radiology Department
of UAB is involved throughout UAB Hospital, as
well as many of UAB Medicine’s additional clinics.
Each year, over 640,000 radiology exams and ap-
proximately 6,830 fluoro exams are performed. UAB
Hospital is accredited by the American College of
Radiology, and the Department of Radiology con-
tinues to follow a vision of being one of the premier
academic radiology programs in the United States.
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Fluoroscopic Evaluation of the Bariatric Surgery Patient

A question-and-answer session with Cheri Canon, MD, Professor and Chair of the
Department of Radiology, The University of Alabama at Birmingham, Birmingham,
AL, and Jayleen Grams, MD, PhD, Associate Professor, The University of Alabama
at Birmingham, Birmingham, AL, and Associate Chief of Surgery at the Birmingham

MA Medical Center.

Applied Radiology (AR): Welcome,
Drs. Canon and Grams. In general,
what is the role of fluoroscopy in the
evaluation of the bariatric patient?

Dr. Canon: Relative to other im-
aging methods used to evaluate the gas-
trointestinal (GD tract, fluoroscopy is
noninvasive, safe, inexpensive and, most
importantly, provides dynamic images
in real time.® The fluoroscopic imaging
exam performed by the radiologist is
patient-specific, and depends primarily
on the pre- vs postoperative status of the
patient, as well as any specific signs or
symptoms the patient is experiencing. Pre-
operative evaluation for bariatric surgery
is critical to investigate gastric anatomy
and delineate any existing abnormalities
such as hiatal hernia, scarring from prior
ulcer disease, or anything else that alters
normal anatomy. Evaluation of esophageal
structure and motility is equally import-
ant.In addition, findings from the preoper-
ative examination may influence decision
making regarding which bariatric opera-
tion is most appropriate for the patient.
Postsurgically, fluoroscopic imaging of the
GI tract is useful to address complications,
including leaks, which typically occur
shortly after surgery, as well as complica-
tions that develop at a later time, such as
gastrojejunostomy stricture or marginal
ulcer.®!° (Table 1)

AR: More specifically, how is fluo-
roscopy with barium contrast used
to evaluate the bariatric patient
prior to surgery?

Dr. Canon:The typical preoperative
patient may undergo either barium esoph-

agography (also referred to as a “barium
swallow”) or an upper GI study, or both.
An esophagram is the fluoroscopy-guided
examination of the esophagus that eval-
uates motility and esophageal morphol-
ogy, including the gastroesophageal (GE)
junction, and assesses for gastroesopha-
geal reflux (GER).An upper GI study in-
cludes esophageal morphology (but not
typically motility) and extends the fluo-
roscopic evaluation to include the stom-
ach and duodenum.'! In the preoperative
patient, whether one or both exams are
ordered depends on the patient and clin-
ical scenario. Considerations may include:
whether the patient is currently experi-
encing symptoms of a motility disorder
or reflux disease; whether the surgeon
has questions about the gastric anatomy
of the patient, such as history of ulcer
disease or prior bariatric surgery; and any
limitations related to patient weight, girth,
or mobility.'?

Dr. Grams: As Dr.Canon mentioned,
preoperative assessment of the bariatric
patient may help guide decisions regard-
ing which bariatric procedure is most
appropriate for the patient. Currently,
the most common bariatric procedures
performed at UAB are sleeve gastrectomy
and Roux-en-Y gastric bypass.At UAB, all
patients being considered for sleeve gas-
trectomy undergo an esophagram. If bar-
ium esophagography reveals significant
esophageal dysmotility or GER, further
testing may be indicated and Roux-en-Y
gastric bypass may be a better option,
since sleeve gastrectomy can worsen
both of these conditions.
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Table 1. Most Common Complications Associated with Bariatric Surgery Techniques®

Roux-en-Y Gastric Bypass Sleeve Gastrectomy Laparoscopic Adjustable Gastric Banding

Anastomotic leaks and strictures Postoperative leaks and strictures Stomal stenosis

Marginal ulcers Gastric dilation Malpositioned bands

Jejunal ischemia Gastroesophageal reflux Pouch dilation

Small-bowel obstruction Band slippage

Internal hernias Perforation

Intussusception
Recurrent weight gain

Gastric volvulus
Intraluminal band erosion
Port- and band-related problems

AR: What about fluoroscopic evalua-
tion after bariatric surgery?

Dr. Grams: Evaluation of postop-
erative bariatric patients can be divided
into those who present with early com-
plications and those who present with
delayed or remote events. An immediate/
early postoperative “leak” study is com-
pleted while the patient is still in the
hospital. However, whether a leak study
is performed varies based on individual
practice patterns;'? some surgeons order
a leak study on all of their patients, typ-
ically one day after the operation, while
others do so only if the patient has wor-
risome signs or symptoms. Such symp-
toms include fever, tachycardia, low
urine output, respiratory distress, leuko-
cytosis, or disproportionate abdominal
pain,and most commonly present within
one week after the operation.'*"?

Dr. Canon: A leak study is a fo-
cused study (1) to determine if the anas-
tomosis is intact, ie, no leak is present;
and (2) to ensure that the contrast is
moving through appropriately, ie, there
is no obstruction. Identifying free leak
into the peritoneal cavity is critical, as
this is a dire situation and, very often, the
patient requires immediate surgery to
correct the leak. Conversely, rather than
a free leak, there can be a contained leak,
and distinguishing between the two is an
important branchpoint in the surgeon’s
decision-making, ie, whether to do imme-
diate surgery or watchful waiting.

If a leak is suspected, it is important
to begin the leak study with a water-solu-
ble,low-osmolar iodinated contrast media
(LOCM), in order to limit spillage of bar-
ium into the peritoneal cavity.'* If no leak
is seen with LOCM, it may be appropri-
ate in some clinical scenarios to follow
up with a low-density barium contrast to
make sure no small leaks are missed.'*

Dr. Grams: In postsurgical patients
presenting with delayed or remote symp-
toms (typically more than one month
postsurgery), several factors govern the
choice of imaging modality (eg, fluoros-
copy vs computed tomography [CT]),
patient positioning, and contrast type
and amount. These factors include the
patient’s symptoms and anatomy, and
the preferences of both the surgeon and
radiologist. Fluoroscopy is often the first
test chosen, as it provides both anatom-
ical and functional information, and is
relatively safe and noninvasive. For exam-
ple, for esophageal motility evaluation to
assess dysphagia or regurgitation, a bar-
ium esophagram may be performed as
the initial test. This study would give us
anatomical information such as whether
there is a hiatal hernia or esophageal or
anastomotic narrowing, as well as dy-
namic information including whether
there is esophageal dysmotility or GER.

Dr. Canon: Note that compared
to the preoperative study, a delayed
postsurgical study may necessitate a

decrease in the volume of contrast, as
the patient’s stomach volume may be
greatly decreased.

AR: Please tell us about fluoroscopy
protocols at your institution.

Dr. Canon: Fluoroscopic imaging
of the GI tract with barium may consist
of a single-contrast exam (low-density
barium contrast agent), or it may com-
prise a dual-phase exam, with a dou-
ble-contrast phase (high-density barium
contrast agent combined with an effer-
vescent) followed by a single-contrast
phase (low-density barium agent). A sin-
gle-contrast esophagram is used to evalu-
ate esophageal morphology and motility
with the patient in the semiprone right
anterior oblique (RAO) position follow-
ing single small swallows of low-density
barium.'"'? In a dual-phase air-contrast
esophagram, an effervescent bicarbonate
agent is administered to release carbon
dioxide and distend the esophagus and
stomach while the patient is standing.
High-density barium suspension is then
administered to coat the mucosa, fol-
lowed by fluoroscopic evaluation of the
esophagus and gastric cardia.'"'> Subse-
quent to this first phase, a single-contrast
exam as described above is performed to
assess esophageal motility and GER.

A single-contrast upper GI examina-
tion provides fluoroscopic assessment
of the morphology and function of the
entire esophagus, stomach, and duode-
num. Low-density barium is ingested
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to distend the esophagus and stomach
and assess for contour abnormalities or
extrinsic masses.'! The double-contrast
upper GI exam combines the same two
phases as the double-contrast esopha-
gram exam, but the fluoroscopic assess-
ment extends from the esophagus to
include the stomach and duodenum.'!
During all of these exams, spot images
should be obtained to document normal
and abnormal findings.

AR: What are some of the challenges
to performing fluoroscopy in bariat-
ric patients?

Dr. Canon: The main challenge
in fluoroscopic evaluation of the bariat-
ric surgery patient is patient position-
ing. The exam begins with the patient
standing, but is followed by the patient
lying on the table, which is required for
adequate luminal distension. If the pa-
tient’s weight exceeds the limit of the
fluoroscopy table, the footboard can be
removed so the patient can stand in the
fluoroscopy unit; however, lacking hori-
zontal images, the study will be limited.
If the patient cannot stand, or their body
girth prevents them from fitting under
the fluoroscopy tower, the patient can
drink the contrast, and then a supine
abdominal radiograph can be obtained
while the patient is lying on a stretcher.
Although not ideal, this provides at least
some information.

Note that when performing esoph-
agography or an upper GI fluoroscopy
examination, the high frame rate/contin-
uous fluoroscopy so critical to studying
dysphagia with a modified barium swal-
low study is not a concern;relative to the
rapid movements involved in swallow-
ing, movement/motility in the esophagus
and stomach is much slower. Therefore,

when performing these exams, the frame
rate can be reduced, decreasing radiation
exposure to the patient and to the fluo-
roscopist while still obtaining the critical
information.

AR: How important is communica-
tion between the radiologist and the
bariatric surgeon?

Dr. Grams: Communication be-
tween the radiologist and the surgeon is
crucial to maximizing the value of fluo-
roscopy. For more common indications
and procedures, the order tends to be
straightforward, and the key then is the
thoroughness of the reporting: every-
thing that is evaluated needs to be spec-
ified in the report, regardless of whether
the findings are normal or abnormal.
When the clinical question is more com-
plicated, a consultation between the ra-
diologist and surgeon and, in some cases,
reviewing the images together, may be
beneficial. So much clinical information
is potentially obtainable from fluoros-
copy of the upper GI tract, and it is vital
to ensure that all of the information ob-
tained in the fluoroscopy suite is trans-
mitted to the surgeon, both before and
after bariatric surgery.

AR: Any concluding thoughts?

Dr. Canon: Bariatric surgery is
currently the most effective strategy for
weight reduction in patients with obe-
sity, a patient population that has risen
dramatically in recent decades. A vari-
ety of surgical techniques and imaging
modalities are available to the abdom-
inal radiologist to evaluate bariatric pa-
tients before and after surgery. For the
bariatric surgeon, preoperative upper
GI fluoroscopic examination provides
information that is critical to clinical

decision-making. Postoperatively, these
studies must be individually tailored to
the patient, and defined by the anatomy
and the clinical question.
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Case Study 1

Case Summary: A 58-year-old male,
status post Roux-en-Y gastric bypass
and hiatal hernia repair, presented
with worsening dysphagia, regurgita-
tion, and recent unintentional weight
loss of 40 pounds. Esophagogastrodu-
odenoscopy (EGD) showed a tortuous
esophagus.

Imaging Findings and Follow-up:

Esophagram showed a large parae-
sophageal hernia (A), containing di-

Case Study 2

FIGURE 1. Supine image postoperative upper
Gl exam using low-density barium agent.

lated loops of jejunum (arrow) with
associated delayed emptying (approx-
imately 5 mins) of contrast into more
distal small bowel. He was taken to the

operating room for redo laparoscopic
hiatal hernia repair. Follow-up study (B)
revealed reduced small bowel below
the hemidiaphragm. He did well and
had an uneventful hospitalization.
Upon postoperative follow-up, he re-
ported resolution of his preoperative
symptoms.

Case Summary: A 66-year-old female
status post-Roux-en-Y gastric bypass
presented with daily epigastric pain,
heartburn, and regurgitation after eating.
Symptoms were refractory to proton
pump inhibitors, H2 blockers, sucralfate,
GI cocktails,and baclofen. A pH study and
manometry were normal. EGD showed a
patent anastomosis without stricture or
ulceration. There did seem to be a long
“blind” or “candy-cane” limb (Roux limb
proximal to the gastrojejunostomy).

Imaging Findings and Follow-up:
Esophagram confirmed a long blind limb
(arrow) and demonstrated reflux of blind
limb contents retrograde into the gastric
pouch (star) and esophagus.The patient

FIGURE 1. (A) Erect right lateral oblique
spot image from postsurgical double-con-
trast upper Gl exam using bicarbonate with
high-density barium contrast agent. (B) Su-
pine image from leak study using LOCM fol-
lowed by low-density barium contrast agent
after reoperation.

Diagnosis: Post-gastric bypass hiatal
hernia

Discussion: Hiatal hernias after Roux-
en-Y gastric bypass are relatively common
and are thought to be largely asymptom-
atic. Typically, a portion or all of the car-
diac pouch may be above the diaphragm.
Symptoms may occur if there is obstruc-
tion in emptying the herniated contents or
extrinsic compression of the esophagus or
cardiac pouch by herniated contents.

underwent laparoscopic resection of the
long blind limb and had an uneventful
hospitalization. Upon postoperative fol-
low-up, she reported resolution of her
preoperative symptoms.

Diagnosis: Candy cane syndrome

Discussion: Candy cane syndrome is a
rare complication of Roux-en-Y gastric
bypass, can be difficult to diagnose, and
requires a high index of suspicion. It is
caused by food or liquid passing into the
blind segment of the Roux limb proxi-
mal to the gastrojejunostomy. This food
or liquid can become lodged in the blind
limb or reflux retrograde into the cardiac
pouch and possibly into the esophagus.
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