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Abstract
AIM: To review the literature on capsule endoscopy (CE) 
for detecting esophageal varices using conventional 
esophagogastroduodenoscopy (EGD) as the standard.

METHODS: A strict l iterature search of studies 
comparing the yield of CE and EGD in patients 
diagnosed or suspected as having esophageal varices 
was conducted by both computer search and manual 
search. Data were extracted to estimate the pooled 
diagnostic sensitivity and specificity. 

RESULTS: There were seven studies appropriate for 
meta-analysis in our study, involving 446 patients. 
The pooled sensitivity and specif icity of CE for 
detecting esophageal varices were 85.8% and 80.5%, 
respectively. In subgroup analysis, the pooled sensitivity 
and specificity were 82.7% and 54.8% in screened 
patients, and 87.3% and 84.7% in the screened/
patients under surveillance, respectively.

CONCLUSION: CE appears to have acceptable 
sensitivity and specificity in detecting esophageal 
varices. However, data are insufficient to determine 
the accurate diagnostic value of CE in the screen/
surveillance of patients alone.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Variceal bleeding is a significant contributor to the 
morbidity and mortality associated with cirrhosis and 
portal hypertension. It has been estimated that up to 
90% of  patients with cirrhosis will ultimately develop 
esophageal varices[1]. Once the varices develop, the 
occurrence of  subsequent variceal bleeding in the next 
24 mo is 25%-35%, and the risk of  the patient dying as 
a result of  the index hemorrhage is up to 50%[2,3]. Esop
hagogastroduodenoscopy (EGD) is the most effective 
method of  evaluating patients with portal hypertension 
and cirrhosis[4]. However, the procedure is unpleasant, 
and still associated with a small but potential risk of  
complications[5]. In addition, it is often carried out with 
the patients under sedation, which may bring additional 
complications in patients with cirrhosis[6].

The PillCam ESO (Given Imaging, Israel) (esophageal 
capsule endoscopy, ECE) is a novel, wireless endoscope,  
similar in size to that of  the standard PillCam small-
bowel capsule endoscope (SBCE), which acquires video-
images from both ends of  the device during passage 
through the esophagus, and it has been approved by 
the United States Food and Drug Administration[7]. 
ECE provides a potentially less invasive diagnostic 
alternative in evaluating diseases of  the esophagus 
such as esophageal varices, Barrett’s esophagus, and 
gastroesophageal ref lux disease (GERD)/erosive 
esophagitis[8-11]. Furthermore, Ramirez et al[12] attached 
a string to SBCE in the middle of  the device which can 
allow the capsule to move up and down in the esophagus 
by swallowing the capsule and pulling the string. This 
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improvement can extend the retention time of  CE in 
the esophagus and provide adequate information about 
esophageal details.

Recent years, a number of  studies have been 
performed for evaluating CE in diagnosing esophageal 
disease, especially for Barrett’s esophagus and esophageal 
varices, and the results varied[8-10]. If  CE is a definitive 
diagnostic tool for esophageal varices, it is necessary 
to evaluate whether CE is sufficiently accurate for 
this purpose. In order to estimate the sensitivity and 
specificity of  CE in the diagnosis of  esophageal varices, 
a systematic review and meta-analysis of  studies using 
CE for detecting esophageal varices with EGD as the 
standard was conducted. 

MATERIALS AND METHODS
Study selection
A search in MEDLINE, EMBASE and ENBASE 
reviews (CDSR, ACP Journal Club, DARE, CCTR, 
CLCMR, CLHTA and CLEED) was conducted in May 
2008. We did not confine our search to English language 
publications. Thorough literature retrieval for studies 
comparing CE and EGD for detecting esophageal 
varices in patients diagnosed or suspected as having 
esophageal varices was conducted along with a search of  
reference lists. 

An additional search of  abstracts presented at 
the proceedings of  Digestive Disease Week (DDW) 
from 2004 to 2008 and international conference on 
CE through 2004 to 2007 was performed. If  multiple 
updates of  the same data were found, we selected only 
the most recent version or the most complete data 
for analysis. The search strategy employed is shown in 
Figure 1.

Data extraction
Predefined criteria had to be met for the studies to be 
included. Studies comparing CE diagnostic accuracy in 
patients diagnosed or suspected as having esophageal 
varices with EGD as standard were included. CE 
frames were assessed by an investigator who was 
blinded to patient’s EGD findings. The studies which 
met the following one or more criteria were excluded: 
(1) esophageal varices were detected by CE but were 
performed in obscure gastrointestinal bleeding patients or 
for assessment of  small bowel diseases or in miscellaneous 
patients with esophageal diseases; (2) string CE was used 
to detect esophageal varices; and (3) studies with patient 
number less than 10.

T he s tudy pa ramete r s were ex t r ac t ed f i r s t 
independently and subsequently in consensus if  there 
was a disagreement between the reviewers (Liao Z, 
Gao R) concerning the numeric value of  a parameter. 
Data were extracted based on the previous reported 
standards. The absolute number of  true-positive, false-
positive, true-negative and false-negative was retrieved 
or calculated with Bayes theorem if  values for sensitivity 
and specificity and predictive values were reported. 
These were also performed separately by the two 

reviewers and subsequently checked for an agreement. 
The full text of  papers (if  available) of  all relevant 
studies were obtained. 

Statistical analysis
Meta-analysis was undertaken using MetaDiSc statistical 
software (Meta-DiSc, version 1.4, Madrid, Spain) to 
estimate the overall sensitivity and specificity. c2 test 
was then performed to test for heterogeneity between 
studies, P value less than 0.1 was considered significant 
for heterogeneity. Wherever zero counts occurred for 
study data, a continuity correction of  0.5 was added 
to each value for that study. In order to define the 
calculation of  sensitivity and specificity, fixed effect 
model was used when P value was more than 0.1 for 
heterogeneity test and random effect model used for P 
value was less than 0.1[13].

RESULTS
Eighty-one articles were selected through original 
searches in MEDLINE, EMBASE and ENBASE 
reviews (CDSR, ACP Journal Club, DARE, CCTR, 
CLCMR, CLHTA and CLEED) databases. Fifty-one 
articles were excluded after review of  the titles and 
abstracts, leaving 30 articles for detailed evaluation by two 
independent reviewers. Of  these, five met our inclusion 
criteria[10,14-17]. Two studies were identified by hand 
search in DDW 2008 meeting abstracts and reference 
lists respectively[18,19]. In total, seven studies, involving 
446 patients were appropriate for meta-analysis. In the 
seven studies, CE type was PillCam ESO without string 
and they were all published in English. One study was 
performed in western Europe[14], one in Australia[15], two 
were international multi-center studies[10,17] and three in 
the USA[16,18,19]. The patient inclusion/exclusion criteria 
were all reported in these studies. All patients were for 
clinically indicated screening (suspected) or surveillance 
(diagnosed) of  esophageal varices. EGD was performed 
after CE in the same day for most patients, and all 
patients in these studies served as their own controls. All 
endoscopists who assessed the CE images were blinded 
to the EGD diagnoses. CE transit time was variable from 
134.5 s (median) to 251 s (Table 1).

Forrest plots for sensitivity and specificity are shown 
in Figures 2 and 3. Reported sensitivity ranged from 
68.4% to 100% in the individual studies, while specificity 
ranged from 8.3% to 100%. The pooled estimate of  
sensitivity was 85.8% (95% CI: 80.5%-90.1%) and the 
pooled estimate of  specificity was 80.5% (95% CI: 
74.7%-85.5%). However, both estimates were subject 
to significant heterogeneity (P = 0.010 and P < 0.001, 
respectively). In the presence of  such heterogeneity, 
pooled estimates should be interpreted with caution.

Studies included in our analysis were further classified 
into two subgroups: screening group and screening/
surveillance group. There were four studies including 
106 patients in the screening group, no heterogeneity (P 
= 0.166) was found for the analysis of  sensitivity, and the 
pooled sensitivity was 82.7% (95% CI: 72.2%-90.4%), 
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however, heterogeneity was found significant for 
specificity (P < 0.001), the pooled result was 54.8 % (95% 
CI: 36.0%-72.7%) (Figures 4 and 5). Both screened 
patients and patients under surveillance were included 
in the other three studies, involving 340 patients, and 
the detailed endoscopic results cannot be independently 
extracted for screen patients or surveillance patients. The 
pooled sensitivity was 87.3% (95% CI: 80.9%-92.2%) in 
a random effect model (P = 0.004) and pooled specificity 
was 84.7% (95% CI: 78.8%-89.5%) in a fixed effect 
model (P = 0.789). (Figures 6 and 7)

DISCUSSION
Meta-analysis has been performed for SBCE in detecting 
small bowel disease comparing with other methods. It 

is reported SBCE was superior when compared with 
push enteroscopy and small bowel barium radiography 
for OGIB (P < 0.00001)[20]. In detecting Crohn’s 
disease, SBCE was also superior to small bowel barium 
radiography (P < 0.001), colonoscopy with ileoscopy (P 
= 0.02) and CT (P = 0.001)[21]. Furthermore, the yield 
of  SBCE for small bowel diseases was similar to double-
balloon enteroscopy in combination with oral and anal 
approaches[22].

In the largest study performed in 11 centers (288 
patients), the sensitivity and specificity were 88.0% and 
84.4%, respectively, and ECE had good agreement with 
EGD[17]. The present meta-analysis indicates that CE 
appears to have acceptable sensitivity and specificity for 
esophageal varices with EGD as the standard. However, 
the limitations of  these data need to be appreciated. 

Potentially relevant studies identified 
from search strategy (n  = 81)

Studies excluded after review of titles and abstracts (n  = 51)
   Main purpose is not for assessment of endoscopy in 
   detecting esophageal diseases = 51

Studies excluded after review of full publications (n  = 25)
   Miscellaneous patients or the main purpose is for assessment 
   of gastroesophageal reflux diseases/Barrett’s esophagus = 8
   Review articles = 6
   Lack of comparative modality = 4
   Duplicate Publication = 2
   Case Reports = 1
   Letter to the editor = 1
   Cost analysis = 1
   Patients’ number less than 10 = 1
   Using string capsule endoscopy = 1

Studies retrieved for 
detailed evaluation (n  = 30)

Studies selected for inclusion 
in the meta-analysis (n  = 5)

Studies identified by 
hand search (n  = 2)

Total studies included in 
the meta-analysis (n  = 7)

Figure 1  Search flow for Meta-analysis.

O: Original paper; A: Abstract; P: Prospective; B: Investigator who reviewed ECE results was blinded to EGD results; NR: Not reported; S: Single center.

Author and year 
of publication

Patients 
(screening)

Country Article 
type

Study 
design

Setting Patients inclusion/
exclusion criteria reported

Two methods performed time Transit time in 
esophagus

Lapalus, 2006 20 (20) France O P, B S Yes EGD after ECE on the same day 213 s
Eisen, 2006 32 (10) International O P, B 3 centers Yes EGD after ECE on the same day 134.5 s (median)
Smith, 2007 15 (15) Australia A NR, B S Yes EGD within 1-2 h after ECE NR
Groce, 2007 21 (21) USA A P, B S Yes EGD immediately after ECE 251 s
Pena, 2008       20 (8) USA O P, B S Yes EGD within 1h after ECE NR
Jensen, 2008 50 (50) USA O P, B S Yes NR NR
de Franchis, 2008     288 (195) International O P, B 11 centers Yes EGD within 48 h after ECE NR

Table 1  Summary of studies included for meta-analysis

Lapalus/2006
Eisen/2006
Smith/2007
Groce/2007
Pena/2008
Jensen/2008
de Franchis/2008

Sensitivity (95% CI)
0.81
1.00
1.00
0.78
0.68
0.79
0.88

(0.54-0.96)
(0.85-1.00)
(0.74-1.00)
(0.40-0.97)
(0.43-0.87)
(0.63-0.90)
(0.80-0.93)

Pooled sensitivity = 0.86 (0.81 to 0.90)
c2 = 16.83; υ = 6 (P  = 0.0099)
Inconsistency (I-square) = 64.4%

Sensitivity
0           0.2          0.4           0.6          0.8           1

Figure 2  Pooled sensitivity of total studies included for meta-analysis.

Lapalus/2006
Eisen/2006
Smith/2007
Groce/2007
Pena/2008
Jensen/2008
de Franchis/2008

Specificity (95% CI)
1.00
0.89
0.67
0.83
1.00
0.08
0.84

(0.40-1.00)
(0.52-1.00)
(0.09-0.99)
(0.52-0.98)
(0.03-1.00)
(0.00-0.38)
(0.78-0.89)

Pooled specificity = 0.81 (0.75 to 0.86)
c2 = 34.41; υ = 6 (P  = 0.0000)
Inconsistency (I-square) = 82.6%

Specificity
0           0.2          0.4           0.6          0.8           1

Figure 3  Pooled specificity of total studies included for meta-analysis.
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Firstly, because this new device has not been widely 
used for detecting esophageal varices, and the number 
of  studies was small. Secondly, sample sizes of  different 
studies were significantly different, ranging from 15 to 
288 patients. So we considered the P value less than 0.1 
as significant for heterogeneity in this analysis. At last, 
patients underwent CE including both screened patients 
and patients under surveillance, in 3 studies the detailed 
endoscopic results can not be extracted for these 
patients, and the accurate pooled diagnostic value of  CE 
for patients under surveillance was not known.

There was considerable heterogeneity between the 
studies. In Pena’s and Groce’s studies, the sensitivity of  
ECE in detecting esophageal varices was only 68.4% and 
77.8% respectively[16,18]. In Eisen’s and Smith’s studies, the 
sensitivity was both as high as 100%[10,15]. The diagnostic 
specificity of  these seven studies varied significantly, the 
specificity was lowest in Jensen’s study, only 8.3%, and 
the accuracy of  capsule for detecting esophageal varices 
was modest[19]. However, in Lapalus’s[14] and Pena’s[16] 
studies, the specificity was both 100%. There was no 
heterogeneity in the analysis of  sensitivity and specificity 
for the screening group and the screening/surveillance 
group, respectively. Although the sample was too small 
to undertake meta-regression to identify the cause of  the 
heterogeneity, some potential reasons for heterogeneity 
may be identified. Except for the small sample size of  
most studies, the most possible causes for the existence 
of  heterogeneity may be related to the experience of  
the endoscopists and the number of  endoscopists who 
read the capsule images. Although the ECE investigators 
were all blinded to EGD findings, their experience 
was not described in detail. Only in Pena’s study, the 
endoscopists were those with more than 5 years of  
experience in reading SBCE but no experience in reading 
ECE[16]. In two studies, ECE images were reviewed by 
two independent investigators[14,19], and one investigator 
in an other five studies[10,19].

The pooled sensit ivity and specif icity of  the 
screening/surveillance group was higher than the 
screening group. The pooled data of  screened patients 

may be confused by Jensen’s study, which had the 
largest number of  patients in the screening studies and 
with a specificity of  8.3%[19]. In studies with screening/
surveillance patients, the detailed results cannot be 
extracted, so the pooled data of  surveillance patients 
cannot be obtained. One defect in the three studies was 
the percentages of  screening or surveillance patients 
that were variable (Figure 1).

In summary, CE appears to have acceptable 
sensitivity and specificity in detecting esophageal varices, 
however, it seems inaccurate in screening patients 
based on the present data. There was insufficient 
data to determine the accurate diagnostic value of  
CE in patients under surveillance alone. Also, further 
researches with large numbers of  patients are needed.

 COMMENTS
Background
Capsule endoscopy (CE) has been reported to play an important role in 
detecting esophageal diseases, especially for esophageal varices. There are 
concerns about whether CE is sufficiently accurate for evaluating this desease.
Research frontiers
Data concerning CE in detecting esophageal varices with esophagogastroduo
denoscopy (EGD) results as the standard were derived from published original 
papers or conference abstracts. A meta-analysis was conducted to estimate the 
sensitivity and specificity of CE in diagnosis of esophageal varices.
Innovations and breakthroughs
The current study demonstrated that CE appears to have acceptable sensitivity 
and specificity in detecting esophageal varices. However, it seems inaccurate in 
screening patients.
Applications
The diagnostic accuracy of CE was low in screening patients in this study. 
Studies for further evaluating CE diagnostic accuracy in screening patients 
alone were needed.
Terminology
Esophageal capsule endoscope (ECE) is a novel, wireless endoscope, similar 
in size to small-bowel capsule endoscope, which acquires video-images from 
both ends of the device during passage through the esophagus.
Peer review
This meta-analysis was performed based on five peer reviewed papers and 2 in 
abstract form, involving about 500 patients. This study was well done, however, 
the missing rate of the small-sized varices is high and this tool it suitable for 
medium- and large-sized varices.

Specificity
0          0.2         0.4         0.6         0.8           1

Lapalus/2006
Smith/2007
Groce/2007
Jensen/2008

Specificity (95% CI)
1.00
0.67
0.83
0.08

(0.40-1.00)
(0.09-0.99)
(0.52-0.98)
(0.00-0.38)

Pooled specificity = 0.55 (0.36 to 0.73)
c2 = 21.17; υ = 3 (P  = 0.0001)
Inconsistency (I-square) = 85.8%

Figure 5  Pooled specificity of studies for screening patients.

Sensitivity
0          0.2         0.4         0.6         0.8           1

Lapalus/2006
Smith/2007
Groce/2007
Jensen/2008

Sensitivity (95% CI)
0.81
1.00
0.78
0.79

(0.54-0.96)
(0.74-1.00)
(0.40-0.97)
(0.63-0.90)

Pooled sensitivity = 0.83 (0.72 to 0.90)
c2 = 5.08; υ = 3 (P  = 0.1661)
Inconsistency (I-square) = 40.9%

Figure 4  Pooled sensitivity of studies for screening patients.

Sensitivity
0          0.2         0.4         0.6         0.8            1

Eisen/2006
Pena/2008
de Franchis/2008

Sensitivity (95% CI)
1.00
0.68
0.88

(0.85-1.00)
(0.43-0.87)
(0.80-0.93)

Pooled sensitivity = 0.87 (0.81 to 0.92)
c2 = 10.89; υ = 2 (P  = 0.0043)
Inconsistency (I-square) = 81.6%

Figure 6  Pooled sensitivity of studies for screening/surveillance patients.

Specificity
0          0.2         0.4         0.6         0.8            1

Eisen/2006
Pena/2008
de Franchis/2008

Specificity (95% CI)
0.89
1.00
0.84

(0.52-1.00)
(0.03-1.00)
(0.78-0.89)

Pooled specificity = 0.85 (0.79 to 0.90)
c2 = 0.47; υ = 2 (P  = 0.7892)
Inconsistency (I-square) = 0.0%

Figure 7  Pooled specificity of studies for screening/surveillance patients.
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