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Abstract
Objective: Portal hypertensive enteropathy may be evaluated using capsule endoscopy (CE), but the pathological findings are still unclear. After balloon-occluded 
retrograde transvenous obliteration (B-RTO), which is usually performed for the treatment of gastric varices and hepatic encephalopathy in patients with liver 
cirrhosis, occlusion of portosystemic shunts causes an increase in portal blood pressure. This study assessed the effects of this increase on the mucosa of the small 
intestine. 

Material and methods: We carried out a retrospective comparison of CE findings in 9 patients with liver cirrhosis who underwent B-RTO. CE was performed pre- 
and post-procedure with an interval of 29–52 days and changes in red spot, angioectasia, varices, and inflammatory-like lesions were evaluated. 

Results: The red spot score increased in 6 patients after B-RTO and was unchanged in 3. The angioectasia score increased in 4 patients and was unchanged in 5. No 
varices were observed either before or after B-RTO. The score for inflammatory-like lesions increased in 4 patients, remained unchanged in 1 patient, and decreased 
in 4 patients. The changes in the scores of red spot and angioectasia after B-RTO were statistically significant (p < 0.05). 

Conclusions: The increase in portal blood pressure caused by B-RTO results in changes in the mucosa of the small intestine.
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Introduction
Among patients with portal hypertension, such as those with liver 

cirrhosis, 63–98% will develop portal hypertensive gastropathy and 
48.6–93% portal hypertensive colopathy, as well as esophagogastric 
or rectal varices [1,2]. On the other hand, little information has been 
reported regarding portal hypertensive enteropathy (PHE) with 
mucosal alteration in the small bowel. The introduction of capsule 
endoscopy (CE) has enabled us to obtain information about the mucosa 
of the small intestine in a less invasive manner, and some reports of 
findings from the mucosa of the small intestine in patients with portal 
hypertension or liver cirrhosis have been published recently [3-10].

Transjugular intrahepatic portosystemic shunt (TIPS) is a 
procedure used to lower portal blood pressure. Matsushita et al. 
reported that portal blood pressure was an important factor for changes 
in the mucosa of the small intestine, as CE performed before and after 
TIPS showed improved red spot, edema, and varices in the small bowel 
post procedure [11].

While balloon-occluded retrograde transvenous obliteration 
(B-RTO) is a useful procedure for treating gastric varices or hepatic 
encephalopathy, the increase in portal blood pressure after B-RTO 
is of concern because of the occlusion of portosystemic shunts [12], 
while aggravation of esophageal varices or ascites/pleural effusion has 
also been reported [13-15]. However, no study to date has examined 
the effect of changes in portal blood pressure caused by B-RTO on the 
mucosa of the small intestine. Therefore, the aim of our study was to 

retrospectively evaluate changes in the mucosa of the small intestine, 
identified by CE, caused by the alterations in portal vein hemodynamics 
following B-RTO.

Materials and methods
Patients

Between September 2010 and September 2014, 42 patients 
underwent B-RTO at our hospital. CE was performed before and after 
B-RTO in 9 of these 42 patients. This retrospective study analyzed the 
CE information from these 9 patients. The study was approved by 
the ethical committee on human research of Yamaguchi University 
Hospital.

CE procedures

CE was performed within 5 days before the B-RTO procedure 
and was repeated after the procedure. The technical details of the CE 
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procedure and the associated risks were explained and all patients 
provided written informed consent. The PillCam SB CE system was 
used (Given Imaging Ltd., Yokneam, Israel) and the image analysis 
was performed using the Rapid Reader software (version 5) from the 
same company. The procedures for CE and analysis have been reported 
previously [16].

Gastric transit time (GTT) was defined as the time between capsule 
arrival in the stomach and arrival in the duodenum. Small bowel 
transit time (SBTT) was defined as the time between capsule arrival 
in the duodenum and arrival in the cecum. For evaluation, the small 
intestine was divided into 3 regions, defined by dividing the SBTT into 
3 segments, designated as regions 1, 2 and 3 in descending order from 
the oral side of the small intestine.

B-RTO procedure and measurement of wedged hepatic 
venous pressure

The B-RTO procedure was performed according to the original 
method described fully by Kanagawa et al. [17]; we simply followed 
the procedural protocol, as previously described [18]. During these 
procedures, 4000 units of human haptoglobin were given intravenously 
to prevent renal failure related to hemolysis.

In this study, the wedged hepatic venous pressure (WHVP) was 
used as a surrogate measure of portal blood pressure [19]. WHVP was 
measured using the balloon catheter, before and after B-RTO, as we 
have previously reported [18].

Classification of CE findings for the small intestine

PHE-related CE findings were classified into red spots, angioectasia 
and varices, based on the classification system of De Palma et al. [9] 
and Abdelaal et al. [6]. According to this classification system, mucosal 
edema, erythema and granularity were defined as inflammatory-like 
lesions. Examples of the different classification of findings are shown 
in Figure 1. The scoring system reported by Matsushita et al. [11] was 

modified to report the number (i.e., count) of red spots, angioectasias 
and varices in the entire small intestine, as follows: ‘0’, no identifiable 
lesion; ‘1’, identification of 1–5 lesions; ‘2’, identification of 6–10 
lesions; ‘3’, identification of 11–15 lesions; and ‘4’, identification of >16 
lesions. The presence of inflammatory-like lesions was scored as either 
‘0’, indicative of negative findings, or ‘1’, indicative of positive findings. 
The scores within each region of the small intestine were summed to 
provide a total score for inflammatory-like lesions.

Statistical analysis

Quantitative data were expressed as median (range) or mean ± 
standard deviation. Changes in GTT and SBTT from before to after 
B-RTO were evaluated using paired t-tests, while changes in the scores 
for red spots, angioectasia, varices, and inflammatory-like lesions were 
evaluated using the Wilcoxon signed-rank test. A p-value <0.05 was 
considered to be statistically significant. All statistical analyses were 
performed using STATA13 (StataCorp LP, Texas, USA).

Results
Patient characteristics

Our study group included 5 male and 4 female patients, with a 
median age of 71 years (range, 53–86 years). Relevant characteristics 
of our study group are summarized in Table 1. All patients had liver 
cirrhosis due to various underlying causes: hepatitis C virus (n = 4), 
alcohol (n = 2), hepatitis B virus (n = 1), non-alcoholic steatohepatitis 
(n = 1), and hepatitis C virus in combination with alcohol (n = 1). The 
indications for B-RTO were gastric varices in 5 patients and hepatic 
encephalopathy in 4 patients. The interval between the first and 
second CE ranged from 29 to 52 days, with a median of 37 days. Oral 
medications used included antihypertensive drugs (n = 5), diuretics 
(n = 3), anticoagulants (n = 3), and non-steroidal anti-inflammatory 
drugs (n = 1).

B-RTO

Shunt occlusion was performed successfully in all patients, with no 
serious complications reported. The Child–Pugh score improved after 
B-RTO in 6 patients, remained unchanged in 2 patients and worsened 
in 1 patient. WHVP was measured at the time of B-RTO and after 
B-RTO in 4 of the 9 patients, with an increase in WHVP identified in 
all 4 patients (Figure 2).

CE procedure

CE successfully reached the cecum, within the battery-effective 

Figure 1. Capsule endoscopy of the small intestine. a red spot, b angioectasia, c SB 
varices, and d inflammatory-like lesion.

Age (years) 71 (range 53-86)
Sex (male/female) 5/4
Etiology of LC
Hepatitis C virus 4
Alcohol 2
Hepatitis B virus 1
Hepatitis C virus + alcohol 1
Non-alcoholic steatohepatitis 1

Indication
Gastric varices 5
Hepatic encephalopathy 4

Capsule endoscopy interval (days) 37 (range 29-52)

B-RTO, balloon-occluded retrograde transvenous obliteration; LC, liver cirrhosis.

Table 1. Patient characteristics, including indications for B-RTO and interval between pre- 
and post-capsule endoscopy procedures. 
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hours, in all patients for both before and after B-RTO assessments, with 
observation of the entire small intestine available for analysis. There 
were no adverse events, such as aspiration or retention, associated with 
the CE procedure. The GTT was comparable before and after B-RTO, 
with mean GTT values of 45.1 min before B-RTO and 24.4 min after 
B-RTO. SBTT was significantly prolonged after B-RTO, with a mean 
SBTT of 306.7 min before compared to 409.0 min after B-RTO (Table 2).

CE findings

CE findings are reported in Table 3. The following before-to-after 
B-RTO changes in scores were identified: increased score for red spots in 
6 patients, with the score remaining unchanged in the other 3 patients; 
increased score for angioectasia in 4 patients, the score remaining 
unchanged in 5 patients; and increased score for inflammatory-like 
lesions in 4 patients, the score remaining unchanged in 1 patient and 
decreasing in 4 patients. No varices were identified either before or 
after the B-RTO procedure. The statistical evaluation of change scores 
for CE findings, before and after B-RTO, is reported in Table 4, with 
significant change in score identified for red spots and angioectasia.

Long-term CE findings after B-RTO

Long-term follow-up data were available for 1 patient (patient 1 in 
Table 3) who underwent assessment of the small intestine for anemia 
3 years after B-RTO. CE identified the development of small intestinal 
varices, which had not been observed previously. Contrast-enhanced 
computed tomography also indicated the formation of varicose veins 
at the same site (Figure 3).

Discussion
The aim of our study was to evaluate the effects of altered portal 

vein hemodynamics, caused by B-RTO, on the mucosa of the small 
intestine. A significant increase in red spots and angioectasia was 
identified, indicating that altered portal blood pressure is an important 
risk factor for the formation of mucosal lesions of the small intestine. 
The increase in WHVP in all 4 patients in whom pressure was 
measured is consistent with findings of an increase in portal blood 
pressure after B-RTO measured with endoscopic ultrasound [20]. 
Our results also agree with those of previous reports that described 
an association between liver cirrhosis, which is a known cause of 
increased portal vein pressure, and the development of mucosal lesions 
in the small intestine [3–8]. De Palma et al. classified findings from 
the CE assessment of edema, erythema, granularity, and friability as 
mucosal inflammatory-like lesions, with vascular lesions defined as 
cherry red spots, telangiectasia- and angiodysplasia-like lesions, and 
varices [9]. Abdelaal et al. further classified erythema and edematous 
villi as mucosal inflammatory changes, defining vascular lesions as 
red spots, angioectasia, and small intestine varices [6]. Using a scoring 
system modified from Matsushita et al. [11], we reported a significant 
increase in the score for red spots and angioectasia after B-RTO, 
which we suggest is indicative of the involvement of increased portal 
blood pressure in the aggravation of vascular lesions of the mucosa 
of the small intestine. However, Matsushita et al. failed to identify a 
significant decrease in angiodysplasia-like lesions, despite lowering 
of portal blood pressure using a TIPS procedure [11]. The difference 
in the follow-up interval for CE assessment of 2 weeks in the study 
of Matsushita et al. and the 1 to 2 months in our study may explain 
these differences, as it may take some time for the effect of portal blood 
pressure to be manifested in the vascular status of the small intestine.

In the relatively short study period of 1 to 2 months, we did 
not find any evidence of the development of varices in our cohort. 
However, an incidental long-term follow-up of 1 patient in our study 
group provided evidence that increased portal blood pressure may be 
an important factor for the formation of small-intestinal varices as a 
long-term consequence of B-RTO (Figure 3). Although this evidence is 
weak, we do recommend a careful longer-term follow-up for patients 
after B-RTO to identify complications of small intestinal varices.

Figure 2. Wedged hepatic venous pressure (WHVP), before and after balloon-
occluded transfemoral obliteration (B-RTO). WHVP was significantly increased after 
B-RTO. Data represent mean values ± SE.

Before B-RTO After B-RTO p-value
GTT 45.1 ± 54.5 24.4 ± 20.0 0.3738
SBTT 306.7 ± 161.0 409.0 ± 137.9 0.0339*

*p < 0.05; B-RTO, balloon-occluded retrograde transvenous obliteration; GTT, gastric 
transit time; SBTT, small bowel transit time.

Table 2. Comparison of GTT and SBTT before and after B-RTO.

Red spot Angioectasia Varices Inflammatory-like lesions
Patient Before B-RTO After B-RTO Before B-RTO After B-RTO Before B-RTO After B-RTO Before B-RTO After B-RTO

1 1 1 1 1 0 0 1 0
2 1 2 0 1 0 0 1 1
3 0 1 1 1 0 0 1 2
4 1 1 1 1 0 0 2 1
5 1 2 1 1 0 0 2 3
6 3 3 2 2 0 0 3 2
7 0 2 1 3 0 0 2 3
8 1 2 2 3 0 0 1 3
9 2 3 2 4 0 0 3 2

CE, capsule endoscopy; B-RTO, balloon-occluded retrograde transvenous obliteration.

Table 3. Changes in scores of CE findings before and after B-RTO.
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In our study, we did not identify a significant effect of B-RTO on 
inflammatory-like lesions of the small intestine. Matsushita et al. [11] 
reported that TIPS significantly improved edema in the small bowel, 
while another report indicated that portal blood pressure was involved 
in intestinal edema [21]. Difficulty in reliably scoring the severity of 
mucosal edema when the small intestine is divided into 3 segments for 
analysis may explain our finding of no aggravation of inflammatory-
like lesions in our study. Thus, development of a classification 
system for mucosal edema of the small intestine may be required to 
standardize the CE assessment. In addition, we need to consider that 
B-RTO improves hepatic function by increasing portal blood flow [22, 
23], with 6 of 9 patients (66.6%) in our study showing improvement 
in the Child–Pugh score after B-RTO. Therefore, as with portal blood 
pressure, changes in hepatic function may also be involved in the 
formation of inflammatory-like lesions. Further research is required to 
clarify this relationship.

The small intestine was divided into 3 regions to evaluate the 
distribution of red spots, angioectasia and inflammatory-like lesions. 
More lesions were observed in the ‘oral’ segment of the small intestine 
than in the other two regions; however, this between-region difference 
was not significant, possibly because of the small number of patients in 
our study group (data not shown). In the case of the patient who had a 
follow-up assessment 3 years after B-RTO, varices were also identified 

in the duodenum. A previous report has similarly indicated a higher 
number of lesions in the oral side of the small intestine in patients with 
portal hypertension [8], indicative of a possible selective sensitivity 
of the oral side of the small intestine to the effects of increased portal 
blood pressure. Based on the above evidence, observation of the deep 
duodenum at the time of esophagogastroduodenoscopy, performed 
after B-RTO, may be useful for the early detection of complications 
related to B-RTO.

Balloon endoscopy (BE) is a widely used method to evaluate 
the mucosa of the small intestine. In a study using BE, lesions of the 
mucosa of the small intestine were identified in 38.1% of patients with 
liver cirrhosis, with ‘some type’ of small-intestinal lesion identified in 
all patients with portal hypertension [24]. In another study, erythema, 
which was defined as a red spot image without bulge or defect of mucosa, 
telangiectasia and mucosal edema were identified in 24%, 5% and 38%, 
respectively, of patients with portal hypertension [25]. Among the 
lesions identified, villous shortening with edema and edema showing 
telangiectasia were reported as having a ‘herring roe appearance’ and 
were regarded as characteristic findings of PHE [23]. In contrast to 
CE, BE has the advantage of allowing tissue biopsy for histopathology. 
However, routine use of BE for PHE screening is impractical as the 
procedure is highly invasive and requires sedation [26]. Although CE 
carries the risk of retention, additional indications for CE have recently 
been approved in Japan and the safety of CE has also been increased 
by the introduction of the patency capsule. Therefore, CE should be 
actively recommended for small bowel screening in patients with liver 
cirrhosis.

The limitations of this study are as follows. First and foremost, this 
was a single-site, retrospective study with a small clinical population. 
A multicenter collaborative study, enrolling a larger population, is 
required to obtain evidence of the effects of B-RTO on the mucosa 
of the small intestine that is sufficiently clear to inform practice. In 
addition, CE should be performed at multiple time points to elucidate 
the appropriate follow-up duration after B-RTO; the interval for CE 
assessment in our study varied from 29 to 52 days. Despite these 
limitations, our study is the first to report on the changes in the mucosa 
of the small intestine caused by increased portal blood pressure after 
B-RTO using CE.

Conclusions
The main finding of this study is that an increase in portal blood 

pressure after B-RTO may lead to changes in the mucosa of the small 
intestine due to aggravation of vascular lesions, including red spots and 
angioectasia. While limited by the small size of the study, this evidence 
relating small intestine lesions to portal blood pressure has clear 
implications for practice, including the recommendation for a long-
term follow-up of patients who have undergone a B-RTO procedure, as 
well as those with liver cirrhosis, using CE. A larger, multicenter study 
will be required to elucidate the pathological pathway relating portal 
hypertension to small intestine disease.
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Before B-RTO After B-RTO  p-value
Red spot 1.1 ± 0.9 1.9 ± 0.8 0.0158*

Angioectasia 1.2 ± 0.7 1.9 ± 1.2 0.0474*

Varices 0 0
Inflammatory-like lesions 1.8 ± 0.8 1.9 ± 1.1 0.8026

*p < 0.05; CE, capsule endoscopy; B-RTO, balloon-occluded retrograde transvenous 
obliteration.

Table 4. Comparison of CE findings in the small intestine before and after B-RTO.

Figure 3. Capsule endoscopy performed as a component of the clinical evaluation for 
anemia in a 60-year-old woman (patient number 1, Table 3), 3 years after B-RTO. 
The image shows formation of varicose veins, which were not apparent on assessment 52 
days after the surgical intervention: a slight vasodilation in the inferior duodenal flexure 
(red circle with dashed line) identified on a contrast-enhanced computed tomography (CT) 
image 52 days after B-RTO; b capsule endoscopy, performed 52 days after B-RTO, did not 
identify a varicose vein at the same site; c apparent venous dilatation observed (red circle 
with dashed line) on the CT image obtained 3 years after B-RTO.
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