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Abstract

AIM: To investigate the utility of esophageal capsule
endoscopy in the diagnosis and grading of esophageal
varices.

METHODS: Cirrhotic patients who were undergo-
ing esophagogastroduodenoscopy (EGD) for variceal
screening or surveillance underwent capsule endos-
copy. Two separate blinded investigators read each
capsule endoscopy for the following results: variceal
grade, need for treatment with variceal banding or
prophylaxis with beta-blocker therapy, degree of portal
hypertensive gastropathy, and gastric varices.
RESULTS: Fifty patients underwent both capsule and
EGD. Forty-eight patients had both procedures on
the same day, and 2 patients had capsule endoscopy
within 72 h of EGD. The accuracy of capsule endos-
copy to decide on the need for prophylaxis was 74%,
with sensitivity of 63% and specificity of 82%. Inter-
rater agreement was moderate (kappa = 0.56). Agree-
ment between EGD and capsule endoscopy on grade
of varices was 0.53 (moderate). Inter-rater reliability
was good (kappa = 0.77). In diagnosis of portal hyper-
tensive gastropathy, accuracy was 57%, with sensitiv-
ity of 96% and specificity of 17%. Two patients had
gastric varices seen on EGD, one of which was seen on
capsule endoscopy. There were no complications from
capsule endoscopy.
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CONCLUSION: We conclude that capsule endoscopy
has a limited role in deciding which patients would
benefit from EGD with banding or beta-blocker thera-
py. More data is needed to assess accuracy for staging
esophageal varices, PHG, and the detection of gastric
varices.
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INTRODUCTION

Cirrhosis affects 3.6 out of every 1000 adults in North
America. A major cause of cirrhosis-related morbidity
and mortality is the development of variceal hemorrhage,
a direct consequence of portal hypertension. The
reported prevalence of esophageal varices in patients
with chronic liver disease varies from 24% to 81%!'"7.
Variceal hemorrhage occurs in 25%-40% of patients
with cirrhosis, and is associated with a mortality rate of
up to 30%"?. Accurate identification of patients with an
increased risk of bleeding allows for primaty prophylaxis
to prevent variceal bleeding, Prophylactic use of beta-
blockers has been shown to decrease the incidence
of first variceal bleeding and death in patients with
cirrhosis, and is currently the standard of care in patients
who are at high risk for variceal hemorrhage!”. Factors
predictive of variceal hemorrhage include location of
varices, size of varices, appearance of varices, clinical
features of the patient, and variceal pressure”.
Esophagogastroduodenoscopy (EGD) is the
standard of care for evaluation of varices. An EGD is
currently recommended at diagnosis of cirrhosis, and
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then yearly screening for patients with no varices on
mnitial EGD for patients with progression of their liver
disease or every two years for those who remain stable.
In patients with small varices, endoscopy should be
performed every year to assess for a change in sizel.

Currently, there is no universally accepted grading
system for varices. Reliability of endoscopy is affected
by inter-observer variability™. The subjective grading,
invasiveness, risks of sedation, and cost of EGD has
prompted a search for other alternatives. As of yet, no
alternative had proven to be as accurate as EGD.

Several pilot studies have been published comparing
capsule endoscopy (CE) to EGD for variceal screening,
Eisen e a/ studied 32 patients, and found an overall
concordance rate of 96.9% for the diagnosis of
esophageal varices and 90.6% for the diagnosis of portal
hypertensive gastropathy'". Lapalus e# a/ performed
unsedated EGD and capsule endoscopy in 21 patients,
with an accuracy of 84.2% for the presence or absence
of esophageal varices" .

Herein, we report the results of a study designed
to assess the ability of capsule endoscopy to correctly
identify the presence of esophageal varices and related
features of portal hypertension in patients undergoing
screening or surveillance endoscopy, and to determine the
need for treatment or prophylaxis of esophageal varices.

MATERIALS AND METHODS

All patients enrolled were from the patient population
of Scripps Clinic, La Jolla, California. Patients were
eligible if they were scheduled to undergo EGD
for screening or surveillance of esophageal varices.
Screening was performed in patients with either biopsy-
proven cirrhosis, or biochemical and imaging studies
consistent with cirrhosis. Surveillance was performed
in patients who had previously been diagnosed with
esophageal varices #ia EGD and were repeating the test
to assess for progression of varices. Patients who had
previously undergone banding of esophageal varices
were included in the study if they were stable and had
not had a variceal hemorrhage for = 6 mo. Consecutive
patients scheduled for EGD as screening or surveillance
of esophageal varices were screened for eligibility to
participate. All patients were age > 18 years, able to give
informed consent, and hemodynamically stable.
Exclusion criteria included dysphagia, known Zenker’s
diverticulum, the presence of cardiac pacemaker or
other implantable electro-medical devices, pregnancy,
or a scheduled MRI within 7 d after capsule ingestion.
Patients also were excluded if they had a history of
or risk for intestinal obstruction, including any prior
abdominal surgery of the gastrointestinal tract other
than uncomplicated cholecystectomy or appendectomy.
All patients who consented underwent capsule
endoscopy and EGD on the same day or within 72 h.
The endoscopies were performed under moderate
sedation by three staff hepatologists at Scripps Clinic.
The hepatologists were blinded to the results of the
capsule endoscopy, but not to the patient’s prior history or

previous endoscopy findings. Photographs were taken of
any pertinent findings at endoscopy and grading of varices
was agreed to by all three physicians after unblinding.
EGDs and CEs were both graded by the following
scale: FO, no varices; F1, small straight varices; F2,
tortuous varices and < 50% of esophageal radius;
F3, large and tortuous varices with or without red
spots[(”12
defined as neovascularization or red or white spots was
noted separately. Each observer decided whether or
not treatment was indicated based on presence of F2

I, Presence or absence of high risk stigmata,

or '3 varices or the presence of high risk stigmata on
any size varix. Portal hypertensive gastropathy (PHG)
was graded on the following scale: none, mild (mucosal
mosaic pattern), moderate (mosaic mucosal pattern with
occasional red spots), or severe (mosaic mucosal pattern,
extensive red or black spots, active oozing)[13’14]. Portal
hypertensive gastropathy was diagnosed on capsule
endoscopy via photographs of any area of the gastric
mucosa as it was not possible to assess the location of
the visualized area. The presence or absence of gastric
varices was noted separately, as well as other findings
unrelated to portal hypertension such as esophagitis,
gastritis (defined as erythema or erosions of gastric
lining), peptic ulcer disease, or duodenal lesions.

Capsule endoscopy was administered in the following
manner in all patients. After imbibing 100 mL of water
with 0.6 mL of simethicone, patients lay supine and
then ingested the pill with 5 mL of water without raising
their head. Any difficulty with ingestion was recorded
by the administrator, and patients were instructed not
to speak after pill ingestion. After 2 min supine, they
were raised to a 30 degree incline. After another 2 min
they were raised to 60 degrees, and after 1 min at 60
degrees the patient imbibed a sip of water. They then
sat up completely and imbibed another sip of water, at
which time they were placed in the left lateral decubitus
position in order to improve visualization of the fundus.
Three minutes after being placed on their left side the
patients were instructed to sit up or walk around for the
remaining 12 min of the examination.

Capsule endoscopies were read by two separate
investigators, who were blinded to EGD findings,
patient medical history, and reading of the other
investigator. Both capsule readers had prior expetience
in endoscopic evaluation and diagnosis of esophageal
varices. Prior to the study, both readers underwent
training as recommended by the capsule manufacturer,
consisting of review of a CD Rom and participation
in an online course, which included review of 10 cases
of capsule endoscopy. Each CE was read twice by each
investigator on two separate occasions at least 60 d
apart. Capsule images were evaluated for the presence
and grade of esophageal varices, the presence and grade
of PHG, the presence of gastric varices, and any other
findings. Esophageal transit time and time spent reading
each examination was recorded.

One week after capsule ingestion, each patient was
contacted by telephone to assess for symptoms of
capsule retention. At that time, patient satisfaction was
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Patient population (%)

Male gender 34 (68)
Average age 58 (range, 25-74)
Average MELD' 9.48 (range, 6-23)
Average Child-Pugh 6.8 (range, 5-13)
Race
Caucasian 40 (80)
Hispanic 6 (12)
African American 3 (6)
Middle Eastern 1(2)
Etiology of cirrhosis
Hepatitis C 24 (48)
Hepatitis C and alcohol 7 (14)
Alcohol 6 (12)
Nonalcoholic steatohepatitis 6(12)
Other” 7 (14)

'MELD: Model for End Stage Liver Disease; “Primary biliary cirrhosis,
sarcoidosis, cryptogenic cirrhosis, autoimmune hepatitis, Wilson’s disease,
idiopathic pulmonary hypertension.

assessed. Patients were asked if they would be willing
to undergo CE or EGD again, and which study they
preferred.

Statistical analysis was performed to assess
sensitivity, specificity, and accuracy of CE versus EGD
in determining need for prophylaxis or treatment. A
weighted kappa scale was used to determine agreement
of variceal grade by CE compared to EGD, as well as
inter- and intra-observer agreement[14'17]. Inter-observer
agreement was defined as comparing results from Reader
1 to results from Reader 2. Intra-observer agreement
measured results from the first read and results from
the second read of each reader independent of the
other reader. The sample size of 50 was chosen because
with these numbers one typically will expect a standard
deviation of 0.10 and coefficients of variation of 15%
or less.

The study was approved by the local institutional
review board.

RESULTS

Fifty-five patients were screened to participate in the
study. Five patients were not included: 2 patients refused,
1 patient had a history of an esophageal stricture, and
2 patients had history of sutgery on the gastrointestinal
tract. Fifty patients successfully underwent EGD and
esophageal capsule endoscopy. In most cases, patients
underwent CE on the same day as and just prior to EGD.
There were two patients who underwent CE on a differ-
ent day but within 72 h and two patients who underwent
CE immediately after EGD. Median esophageal transit
time was 249.5 s (range, 1-352 s). The esophageal transit
times were as follows: 2 capsules 0-5 s, 15 capsules 5-60 s,
and 33 capsules 60-352 s. Five patients (10%) had a mild
amount of difficulty swallowing the capsule, and four pa-
tients (8%) had a moderate amount of difficulty, one of
whom had to swallow it in a sitting position.

www.wjgnet.com
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Figure 1 Sensitivity, specificity and accuracy of esophageal capsule
endoscopy compared to EGD for two separate blinded investigators. The error
bars represent 95% confidence intervals.

Demographics of the patients can be seen in Table 1.
Thirteen patients (26%) were undergoing surveillance of
varices and had a history of previous variceal banding;
the remainder were undergoing screening examinations.
The patients who were undergoing surveillance had not
been banded for at least 6 mo, and previously had been
obliterated. All patients had undergone banding in the
past for history of variceal bleeding. Based on EGD
findings, prevalence of esophageal varices was 66%: 17
patients had no varices, 16 patients with F1 varices, 15
patients with F2 varices, and 2 patients with F3 varices. 5
patients underwent banding at the time of EGD.

In determining need for prophylaxis using EGD
as the gold standard, sensitivity of CE was 63% (95%
CI, 0.40-0.83; SD, 0.04), specificity was 82% (95% CI,
0.63-0.94; SD, 0.03), and accuracy was 74% (95% CI,
0.59-0.85; SD 0.04; Figure 1). The accuracy was not im-
proved when patients with prior banding were excluded
or when patients with difficulty swallowing the capsule
were excluded. Positive predictive value in this popula-
tion was 73% (95% CI, 0.48-0.91; SD, 0.04) and negative
predictive value was 74% (95% CI, 0.55-0.88; SD, 0.04).
There was no association between time of esophageal
transit of the capsule and accuracy of the results, as-
sessed by splitting the group at the median time of 249 s
and comparing the two groups. Inter-rater reliability for
need for prophylaxis was 0.56 (moderate agreement). In-
tra-rater reliability was 0.61 (good) for Reader 1 and 0.41
(moderate) for Reader 2. For grade of varices, agreement
between EGD and CE was 0.53 (moderate). Inter-rater
reliability for grade of varices was 0.77 (good), and intra-
rater reliability was 0.76 (good) for Reader 1 and 0.69 for
Reader 2.

Two patients (4%) had gastric varices. One of these
patients had gastric varices suspected on CE by Reader
2, and neither of the patients had large esophageal vari-
ces requiring primary prophylaxis. It was not possible to
gauge the location of the varices based on the capsule
photographs.

Forty-five patients (90%) had portal hypertensive
gastropathy: 28 patients with mild disease and 17 pa-
tients with moderate disease. In determining the pres-
ence or absence of PHG, sensitivity was 96% (95% CI,
0.78-0.99) and specificity was 17% (95% CI, 0.05-0.39).
Accuracy was 57% (95% CI, 0.41-0.71). Inter-rater reli-
ability for presence of PHG was 0.61 (good).

Seventeen patients (34%) had other findings seen on
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EGD. Seven patients had gastritis seen on EGD, two of
which were detected by CE. Two patients had Barrett’s
esophagus; one was detected by Reader 1 and one was
detected by Reader 2. Two patients had esophagitis seen
on EGD but not on CE. One patient had gastric polyps
and one had duodenal polyps seen on EGD, and neither
was detected on CE. One patient had an esophageal ring
seen on EGD that was also detected on CE by Reader
2. One patient had scarring from prior banding that was
seen on EGD but not CE. 11 patients underwent biopsy
at time of EGD: 10 to rule out H pylori and one for di-
agnosis of Barrett’s esophagus.

There were no complications from either CE or
EGD. Thirty-six patients (72%) were satisfied equally
with EGD and CE. Thirteen (26%) preferred CE to
EGD, and one patient preferred EGD to CE. There

were no instances of capsule retention.

DISCUSSION

Complications of portal hypertension remain one of the
major causes of morbidity and mortality in patients with
cirrhosis. Up to 33% of cirrhotics will experience bleeding
from varices, and 70% of these will be plagued with
recurrent variceal bleeding“’z’(’]. In 1998, an AASLD single-
topic symposium on portal hypertension devised the
following current recommendations for variceal screening:
EGD at time of diagnosis of cirrhosis, and if no varices
were present, on a biyeatly basis if liver function is stable,
or yearly if liver function worsens, and yearly if small
varices were present on initial screeningm. Numerous
studies have demonstrated the efficacy of beta-blocker
therapy for reduction of risk of variceal bleeding and
related mortality, decreasing the risk of variceal bleeding
by 50%"%*). Recent data have suggested that variceal
banding is also effective as primary prevention of variceal
bleeding in patients with high risk varices!"* !, Despite
these recommendations, compliance with screening has
been quite poor. Arguedas ¢f a/ in 2001 reported that just
46% of cirrhotic patients underwent variceal screening
by EGD prior to referral for liver transplantation,
despite having a diagnosis of cirrhosis for a median
duration of 3 years™. Results of a survey of practicing
gastroenterologists suggested an even lower screening rate
of 39%™.

Alternative methods to EGD have been studied for
variceal screening, including transnasal endoluminal
ultrasound[24], platelet count/spleen diameter ratio?”
multidetector computed tomography esophagography™,
and esophageal capsule endoscopy"™'"*". To date, no
method has proven accurate enough to replace EGD.

The results of our study are different from the two
published pilot studies, showing a lower sensitivity,
specificity, and accuracy for esophageal capsule
endoscopy. Because there is known variability in
grading of varices by EGD"™”
endoscopy when measured against EGD may be wrong,
We attempted to decrease this effect by verification of
variceal grade diagnosed at endoscopy after unblinding

, the accuracy of capsule

by all physicians involved in the study, through

inspection of photographs. Other possible reasons
that our study results may vary include the small size
of prior studies compared to ours. Our trial size was
still somewhat small, but we balanced that expectation
with the recognition that a much larger trial would be
needed for confirmation of this as a pilot trial. Other
confounders for the data could include the absence of
complete industry funding in our study as opposed to
the prior ones, and our relative lack of expertise with
capsule endoscopy or other technical difficulties.

Concern has been raised regarding the utility of
capsule endoscopy in patients who have previously
undergone banding of esophageal varices. Patients
were included in our study if they had not undergone
banding for at least 6 mo. We chose to include these
patients because we felt that varices would still be able
to be diagnosed at esophageal capsule endoscopy. When
patients with previous banding were excluded from
analysis, our accuracy did not improve significantly. A total
of 5 patients out of 13 who were undergoing surveillance
for esophageal varices required repeat banding at the
time of EGD. This underscores a limitation of capsule
endoscopy: that patients with varices seen at diagnosis
may then have to undergo EGD for therapy.

There has been some concern about the mixed
results of capsule endoscopy use for evaluation of
esophageal pathology, such as varices, Barrett’s esophagus,
or esophagitisng]. It is thought that the mixed results
of capsule endoscopy may have to do with deviations
from the standard ingestion procedure recommended
by the manufacturer™. We note that in our study, all
patients were able to successfully swallow the capsule,
with only 9 patients having some difficulty, including two
patients that needed to lift their heads from the supine
position and one patient that had to ingest the pill in the
sitting position. We feel that there is little chance these
deviations influenced our results. When we looked at
patient history of banding, time of esophageal transit,
and reader experience/learning curve, none of these
factors significantly changed the results of our study.
We, therefore, feel that the accuracy reported here may
be more reflective of what can be expected with capsule
endoscopy use in community gastroenterology practice.

Esophageal capsule endoscopy has been designed
specifically to look at the esophagus; there is no way
to ensure that full inspection of the gastric mucosa
and duodenum will occur, as it would with EGD.
When screening for varices, this usually is not an issue.
However, as in our study, there are patients who have
gastric varices in the absence of significant esophageal
varices that would require pharmacologic prophylaxis
against bleeding. These patients may be missed if
screening was done solely with capsule endoscopy. In
addition, capsule endoscopy had poor accuracy for
diagnosis of portal hypertensive gastropathy. Capsule
endoscopy limits the patient to diagnosis only. In 11 of
our patients, biopsies were performed for diagnosis of
H pylori or Barrett’s esophagus. Obviously, these biopsies
would not have been able to be performed if capsule
endoscopy was the only diagnostic method used.

www.wjgnet.com
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Given our results for capsule endoscopy, we are
uncertain if its routine use can replace EGD at this
time as a screening tool. It may be useful for those
patients who are unable or unwilling to undergo upper
endoscopy, but clinicians need to be cognizant of the
possibility of a false negative result. At this time, we
would recommend use of esophageal capsule endoscopy
only in the setting of a clinical trial.

In conclusion, we feel that capsule endoscopy has
a limited role in deciding which patients would benefit
from EGD with banding or beta-blocker therapy in early
cirrhosis, as well as for determining the specific grade
of esophageal varices, PHG, or gastric varices. More
data is needed to assess accuracy for staging esophageal
varices, PHG, and the detection of gastric varices.
Clinicians who choose to employ capsule endoscopy as
part of their routine clinical practice should be cognizant
of the lower accuracy for esophageal variceal screening;
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Esophageal varices are found in up to 81% of patient with cirrhosis, and results
in significant gastrointestinal bleeding in up to half of patients. In order to
prevent variceal bleeding, screening is recommended with upper endoscopy
every 1-3 years, with prophylaxis given to those patients with large varices.
Esophageal capsule endoscopy is a new device designed to image the
esophagus in a noninvasive way. The utility of esophageal capsule endoscopy
in the diagnosis of esophageal varices is not known.

Research frontiers

To date, two pilot studies have been published regarding the use of esophageal
capsule endoscopy for the diagnosis of esophageal varices. These initial
studies were performed in 32 and 21 patients, respectively, and showed high
concordance and accuracy for the diagnosis of esophageal varices with capsule
endoscopy (96.9% and 84.2%, respectively).

Innovations and breakthroughs

In this publication, 50 patients underwent upper endoscopy and esophageal
capsule endoscopy. The capsule endoscopies were independently read by
two blinded investigators. The accuracy of capsule endoscopy for diagnosis
of esophageal varices was found to be 74% in determining the need for
prophylaxis based on the presence of large varices. The sensitivity was 63%
and the specificity was 82%. Inter-rater reliability was moderate for determining
the need for prophylaxis. Intra-rater reliability was moderate for one reader and
good for the other reader. 34% of patients studied had other findings seen at
upper endoscopy that were not reliably diagnosed with capsule endoscopy,
including gastric varices, gastric and duodenal polyps, esophagitis, and Barrett's
esophagus. Accuracy for diagnosis of portal hypertensive gastropathy was poor
atonly 57%.

Applications

Currently, the use of capsule endoscopy for variceal screening cannot be
routinely recommended. Refinements to the capsule procedure may improve
the accuracy in the future. Further studies are needed to verify these results.

Peer review

This paper details the use of esophageal capsule endoscopy for the diagnosis
of esophageal varices. Two pilots studies suggested that capsule endoscopy
may be useful for detection of large varices. In this largest cohort to date, we
found that capsule endoscopy has a poor sensitivity in detecting large varices
requiring prophylactic therapy. In addition, there is also poor inter- and intra-
observer agreement when using this method for grading esophageal varices.
Finally, since three quarters of all patients do not prefer one method over the
other, it appears that capsule endoscopy would have a limited role in diagnosis
of esophageal varices.
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