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Abstract

AIM: To determine if esophageal capsule endoscopy
(ECE) is an adequate diagnostic alternative to esopha-
gogastroduodenoscopy (EGD) in pre-bariatric surgery
patients.

METHODS: We conducted a prospective pilot study to
assess the diagnostic accuracy of ECE (PillCam ESO2,
Given Imaging) vs conventional EGD in pre-bariatric
surgery patients. Patients who were scheduled for bar-
iatric surgery and referred for pre-operative EGD were
prospectively enrolled. All patients underwent ECE fol-
lowed by standard EGD. Two experienced gastroenter-
ologists blinded to the patient’s history and the findings
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of the EGD reviewed the ECE and documented their
findings. The gold standard was the findings on EGD.

RESULTS: Ten patients with an average body mass
index of 50 kg/m* were enrolled and completed the
study. ECE identified 11 of 14 (79%) positive esopha-
geal/gastroesophageal junction (GEJ) findings and 14
of 17 (82%) combined esophageal and gastric find-
ings identified on EGD. Fisher’s exact test was used to
compare the findings and no significant difference was
found between ECE and EGD (P = 0.64 for esophageal/
GEJ and P = 0.66 for combined esophageal and gastric
findings respectively). Of the positive esophageal/GEJ
findings, ECE failed to identify the following: hiatal her-
nia in two patients, mild esophagitis in two patients,
and mild Schatzki ring in two patients. ECE was able to
identify the entire esophagus in 100%, gastric cardia in
0%, gastric body in 100%, gastric antrum in 70%, py-
lorus in 60%, and duodenum in 0%.

CONCLUSION: There were no significant differences
in the likelihood of identifying a positive finding using
ECE compared with EGD in preoperative evaluation of
bariatric patients.

© 2013 Baishideng. All rights reserved.
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Core tip: This is the first prospective study that shows
in pre-bariatric patients, capsule endoscopy can be
used to identify positive esophageal disorders when
compared to a sedated esophagogastroduodenoscopy.
Further studies are needed to help define the role of
esophageal capsule endoscopy as a tool for pre-opera-
tive evaluation.
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INTRODUCTION

In patients with morbid obesity, surgery is a treatment
option associated with good medium and long-term re-
sults with procedures such as gastric banding, sleeve gas-
trectomy, gastric bypass, and biliopancreatic diversion'".
These operations can be performed laparoscopically in
most obesity centers” ™, Preoperative esophagogastro-
duodenoscopy (EGD) is useful to detect pathological
findings that might preclude or delay bariatric surgery”.

Patients referred for bariatric surgery often have co-
morbidities including obstructive sleep apnea, arterial
hypertension, coronary heart disease or diabetes mellitus
which puts them at risk for any procedure that involves
conscious sedation. The risk of EGD in these patients
includes aspiration, hypoxemia, hypoventilation, airway
obstruction, vasovagal episodes, and arrhythmias. Esoph-
ageal capsule endoscopy (ECE) offers a less invasive
diagnostic alternative in evaluating diseases of the esoph-
agus. ECE does not require sedation and is therefore bet-
ter tolerated by patients. Several studies have shown that
ECE is an adequate alternative diagnostic method for
esophageal variceal screening and diagnosis of Barrett’s
esophagus in patients with chronic gastroesophageal re-
flux®”. Delvaux ¢ a/” concluded that capsule endoscopy
showed a moderate sensitivity and specificity in detecting
esophageal diseases such as esophagitis, hiatal hernias,
varices and Barrett’s esophagus. They determined the
overall positive predictive value of capsule endoscopy
was 80%. In this study we aim to determine if capsule
endoscopy is adequate in identifying specific esophageal
and gastric pathology for patients undergoing bariatric
surgery as compared to EGD.

MATERIALS AND METHODS

This was a prospective pilot study. Patients from 2010 to
2012 who were scheduled to undergo bariatric surgery
at University of California San Diego Medical Center
and referred for pre-operative EGD were prospectively
enrolled to assess the diagnostic accuracy of the ECE
(PillCam ESO2, Given Imaging) »s conventional EGD. A
total of ten patients were enrolled in the study. Patients
were enrolled after Human Subjects Research Protection
Committee approved consent was obtained. All patients
underwent ECE followed by standard EGD performed
under moderate sedation with fentanyl and versed All
patients underwent ECE followed by standard EGD per-
formed by a single endoscopist that was video recorded.
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Demographic data was collected on each patient includ-
ing age, sex, weight in kilograms (kg), and body mass
index (BMI) per patient’s medical chart. Co-morbidities
on each patient were documented including obstructive
sleep apnea, coronary artery disease hypertension, type
II diabetes mellitus, chronic kidney disease, and non-
alcoholic fatty liver disease (NAFLD). Two experienced
gastroenterologists reviewed the ECE and EGD videos
and documented their findings. Both gastroenterologists
were blinded to patients’ history. Findings on ECE were
than compared with the findings on EGD. Findings were
categorical variables where 0 represented a normal find-
ing and 1 represented an abnormal finding, Abnormal
findings included esophagitis, Schatzki ring, and hiatal
hernia. Fisher’s exact test was used to compare the find-
ings between the two modalities with the findings on the
EGD considered the gold standard.

RESULTS

Table 1 provides baseline demographic information and
co-morbidities on each patient. The mean age was 46.2
years with the majority of patients being female (6/10).
The average BMI was 50.12 kg/ m” and average weight
of 141.85 kg. Eight out of ten patients and nine out of
ten patients suffered from suffered from obstructive
sleep apnea and hypertension respectively. Forty percent
of patients suffered from diabetes and 30% of patients
had a diagnosis of NAFLD. Two out of ten patients had
chronic kidney disease with a glomerular filtration rate of
55 and 48 mI./min/1.73 sqm.

Visualization of the esophagus, GE junction, and
gastric body were seen 100% of the time on ECE. The
antrum and pylorus were identified 70% and 60% of the
time respectively. The gastric cardia and the duodenum
were not able to be identified on any capsule endosco-
pies. The majority of the capsules (9/10) were retained in
the stomach (Table 1).

Esophageal findings on EGD included Schatzki ring,
hiatal hernia and esophagitis. Two patients were noted to
have gastric findings. One patient was found to have mild
gastropathy and the other patient was described as having
a watermelon stomach at the pylorus.

ECE identified 11 of 14 (79%) positive esophageal/
gastroesophageal junction (GEJ) findings and 14 of 17
(82%) combined esophageal and gastric findings identi-
fied on EGD. Cortrectly identified abnormal findings on
ECE as seen on EGD in the esophagus included hiatal
hernia in seven out of ten patients (Figure 1), Schatzki
ring in one out of three patients and felinization rings
were correctly identified in one patient on both ECE
and EGD. Gastric findings seen on ECE as well as EGD
included gastropathy in the body of the stomach in three
out of three patients. Erosions were correctly identified
on ECE and EGD in one patient. There was a trend
toward agreement among ECE and EGD findings in
the esophagus »s stomach (35/40 findings in agreement
in the esophagus »s 30/40 findings in agreement in the
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Table 1 Results of patient characteristics and visualization (7

= 10) n (%)

Result Value

Characteristics
Mean age (yr) (median) 46.2 (46)
Female 6 (60)
Mean body mass index (kg/m?) (median) 50.12 (48.1)
Weight (kg) (median) 141.85 (139.9)
Obstructive sleep apnea 8 (80)
Coronary artery disease 1 (10)
Hypertension 9 (90)
Diabetes mellitus 4 (40)
Chronic kidney disease 2 (20)
Non-alcoholic fatty liver disease 3(30)

Visualization
Mean esophageal transit time (min) (median) 3.997 (3.997)
Esophagus 10 (100)
Gastroesophageal junction 10 (100)
Gastric cardia 0(0)
Gastric body 10 (100)
Gastric antrum 7 (70)
Pylorus 6 (60)
Duodenum 0(0)

Figure 1 Comparison of esophageal capsule endoscopy vs esophagogas-
troduodenoscopy. Image of a hiatal hernia on esophageal capsule endoscopy
(ECE, panel A) vs esophagogastroduodenoscopy (EGD, panel B). ECE was
able to correctly abnormal findings in the esophagus such as hiatal hernias
when compared to EGD.

stomach) (Figure 2A).

Fisher’s exact test was used to compare the findings
and no significant difference was found between ECE
and EGD (P = 0.64 for esophageal/GE]J and P = 0.66
for combined esophageal and gastric findings respec-
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Figure 2 Inter-observer agreement between esophageal and gastric
findings and results of esophageal findings on capsule vs esophagogas-
troduodenoscopy. A: There was a trend toward agreement among esopha-
geal capsule endoscopy and esophagogastroduodenoscopy findings in the
esophagus vs stomach (35/40 findings in agreement in the esophagus vs 30/40
findings in agreement in the stomach); B: There was no significant difference
between esophageal capsule endoscopy and esophagogastroduodenoscopy
(EGD) (P = 0.64) for combined esophageal and gastroesophageal junction find-
ings on 2-tailed Fischer exact test (P = 0.66).

tively) (Figure 2B). Of the positive esophageal/GE]J find-
ings, ECE failed to identify the following: hiatal hernia in
two patients, mild esophagitis in two patients, and mild
Schatzki ring in two patients. Conversely, ECE identified a
Schatzki ring in one patient, an irregular Z-line in another
patient, and a hiatal hernia in a third patient not identified
on EGD. There were no adverse events related to ECE.

DISCUSSION

Bariatric surgery is increasingly performed to treat mor-
bid obesity and its complications. Pre-operative EGD
can help identify useful pathology that can negatively
influence post-operative outcomes. However EGD is an
invasive procedure requiting the use of conscious seda-
tion that can carry risks of cardiopulmonary complica-
tions, hypoxemia, aspiration and cardiac arrhythmias'".
Quine ¢ a/'” showed in a prospective study of 14149
upper endoscopies that 31 patients experienced cardio-
pulmonary complications related to moderate sedation.
Similar studies have shown the rate of cardiopulmonary
complications to range from 1.3 per thousand to 5.4 per
thousand" """, Sharma e a/"” showed that the risk of de-
veloping unplanned cardiopulmonary events following
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upper endoscopy was 0.6%. Multiple studies have deter-
mined that the risks of moderate sedation in patients un-
dergoing endoscopy increase with co-morbidities such as
advanced age, obstructive sleep apnea, underlying heart
disease, and obesityllo’]z’lzt’mj. Sharma ¢f a/™ found that an
increased American Society of Anesthesiologists clas-
sification (ASA class score) was attributed to an increase
risk of developing cardiopulmonary complications. Odds
ratio ranged from 1.1 with an ASA II score to 1.8 with
ASA class Il and 7.4 with class V. Many bariatric sur-
gery patients will generally have higher ASA scores.

Endoscopic capsule was initially approved by the
Food and Drug Administration in 2001 for evaluation
of the small bowel. It is increasingly being used for the
evaluation of obscure GI bleeding, Crohns’ disease, and
suspected small bowel tumors' ', Several studies have
shown that capsule endoscopy can be used to identify
esophageal disorders such as Barrett’s esophagus/esopha-
gitis, hiatal hernia, and esophageal varices™ %,

Our study shows that in pre-bariatric patients, capsule
endoscopy can be used to identify positive esophageal
disorders when compared to a sedated EGD. Capsule
endoscopy was correctly able to identify hiatal hernias,
Schatzki rings and esophagitis when compared with
EGD. However in our study ECE failed to identify gas-
tric pathology the majority of the time. The gastric cardia
was not visualized during ECE and the gastric antrum
and pylorus were identified 30% and 40% of the time
respectively. The duodenum also could not be correctly
identified by ECE due to the short capsule recording
time of 20 min.

Esophageal findings seen on ECE but not noted on
EGD included a Schatzki ring in one patient, an irregular
Z-line in another patient, and a hiatal hernia in a third
patient. This might be explained by changes in body posi-
tion between the upright ECE and left lateral decubitus
EGD.

Further limitations of this pilot study include a small
patient size. Only ten patients were enrolled in the trial.
Despite this, results trended towards no significant dif-
ference in the likelihood of identifying a positive finding
using ECE compared with EGD.

In conclusion, this is the first study to suggest that
ECE may be a safer alternative than sedated EGD for
evaluation of esophageal disorders prior to bariatric
surgery. However ECE cannot consistently evaluate for
gastric or duodenal pathology. Further studies are needed
to help define the role of ECE as a tool for pre-operative
evaluation.

COMMENTS

Background

In patients with morbid obesity, bariatric surgery is a treatment option associ-
ated with good medium and long-term results. Prior to surgery, many patients
undergo an endoscopic examination to determine if they have any pathology to
prevent or delay them from undergoing bariatric surgery. Esophagogastroduo-
denoscopy (EGD) however is an invasive procedure which comes with risks
including the risk of sedation associated with morbidly obese patients. Small
bowel capsule endoscopy has been used to identify pathology in the small
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bowel for years. Esophageal capsule endoscopy (ECE) uses the same technol-
ogy to examine the esophagus and stomach. Several studies have shown that
ECE is able to identify pathology and anatomic variations in the esophagus
and stomach, and can be performed without the risks of moderate sedation. No
studies to date have been done to determine whether capsule endoscopy is
equivalent to EGD in screening pre-bariatric surgery patients.

Research frontiers

Small bowel capsule endoscopy was developed as a means to non-invasively
examine the small bowel for pathology. ECE was subsequently developed and
food and drug administration approved using the same technology to examine
the esophagus and stomach. There have been several studies to suggest that
ECE is comparable to EGD in the diagnosis of upper gastrointestinal disorders
such as Barrett's esophagus and esophageal varices.

Innovations and breakthroughs

Small bowel capsule endoscopy is a useful tool to non-invasively examine the
small bowel. ECE uses the same technology to examine the esophagus and
stomach. Recent studies have shown that ECE is comparable EGD in diagnos-
ing esophageal pathology such as esophagitis, Barrett's esophagus and esoph-
ageal varices as well as stomach pathology such as gastric cancers. However
ECE has never been compared to EGD in pre-screening patients for pathology
which may preclude them from bariatric surgery. This study is the first study to
date to compare the two in this patient population.

Applications

The study results indicate that ECE may be a safer alternative than sedated
EGD for evaluation of esophageal disorders prior to bariatric surgery, but can-
not consistently evaluate for gastric or duodenal pathology. Further studies are
needed to help define the role of ECE as a tool for pre-operative evaluation.

Terminology

Bariatric surgery: Surgery is performed on the stomach and/or intestines in
order to facilitate weight loss in obese patients. This could be achieved either
through restrictive alone or both restrictive and malabsorptive mechanisms.
EGD: An imaging test that involves visually examining the lining of the esopha-
gus, stomach, and upper duodenum with a flexible fiberoptic endoscope; ECE:
A small camera inside a capsule shaped and sized like a pill which is used
to take video images of the digestive tract to help in evaluation of symptoms
such as gastrointestinal bleeding or abdominal pain; Moderate sedation: Drug
induced consciousness (typically carried out with a combination of a narcotic
such as fentanyl and benzodiazepine such as midazolam) during which patients
respond purposefully to verbal commands, either alone or by light tactile stimu-
lation. No interventions are needed to maintain a patent airway, patient is able
to spontaneously breathe during moderate sedation. Used in a wide variety of
medical procedures.

Peer review

The results suggest that ECE may be a safer alternative than sedated EGD for
evaluation of esophageal disorders prior to bariatric surgery. The paper would
be desirable to specify
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