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Abstract

Background The introduction of capsule endoscopy (CE)

has facilitated the detection of mucosal changes in the

small bowel, and such mucosal changes have been noted in

cirrhotic patients with portal hypertension; these changes

are described as portal hypertensive enteropathy. The aim

of this study was to assess the effects of transjugular

intrahepatic portosystemic shunt (TIPS) on the small bowel

mucosal changes detected by CE in cirrhotic patients with

portal hypertension.

Methods TIPS was performed in fifteen cirrhotic patients

with portal hypertension. All patients underwent CE before

and 2 weeks after TIPS. The small bowel mucosal changes

were defined as edema, angiodysplasia-like lesions, red

spots, and small bowel varices. Changes in the portosys-

temic pressure gradient (PSG) and CE findings were

evaluated.

Results Before TIPS, small bowel edema was detected in

all 15 patients, angiodysplasia-like lesions in 7, and red

spots in 14 patients. The PSG decreased significantly, from

21.2 ± 2.6 before TIPS to 8.9 ± 3.3 mmHg (p \ 0.001)

after the procedure. After TIPS, the small bowel edema

was attenuated in 8 of the 15 patients. In two patients with

angiodysplasia-like lesions and 4 with red spots, these

lesions were attenuated after TIPS. The average score for

small bowel edema and the grade of red spots were reduced

significantly after TIPS (2.3 ± 0.7–1.8 ± 0.6, p \ 0.005

and 1.6 ± 0.9–1.3 ± 0.7, p \ 0.05, respectively). Small

bowel varices were seen in 4 patients before TIPS and all

these varices disappeared after TIPS.

Conclusions In cirrhotic patients with portal hyperten-

sion, small bowel edema, red spots, and small bowel var-

ices were attenuated after TIPS. Portal hypertension may

be an important factor in the development of small bowel

mucosal changes.
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Introduction

The introduction of capsule endoscopy (CE) has facilitated

the detection of mucosal changes in the small bowel [1].

Previous studies have shown that mucosal changes can

occur in the small bowel of cirrhotic patients with portal

hypertension; these changes are described as portal

hypertensive enteropathy (PHE) [2–5]. However, the rela-

tionship between CE findings of the small bowel and portal

venous pressure in cirrhotic patients with portal hyperten-

sion has not been studied.

Transjugular intrahepatic portosystemic shunt (TIPS) is

a non-operative technique that reduces portal venous

pressure and is used for the treatment of portal hyperten-

sion. Accordingly, TIPS has been reported recently to be

effective in the treatment of cirrhotic patients with refrac-

tory ascites and esophageal or gastric variceal bleeding that

is unresponsive to endoscopic and pharmacological treat-

ments [6, 7]. In addition, it has been reported that TIPS is

effective for the treatment of portal hypertensive gastrop-

athy (PHG) [8, 9]. However, there has been only one case

report describing the treatment of PHE by TIPS [10].
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In this study, we evaluated the effects of portal venous

pressure decompression brought about by TIPS on the

small bowel mucosal changes detected by CE in cirrhotic

patients with portal hypertension.

Methods

Patients

Between September 2009 and June 2011, 24 consecutive

patients with cirrhosis and portal hypertension underwent

TIPS and were considered for inclusion in this study. The

diagnosis of cirrhosis was made on the basis of laboratory

and ultrasonographic findings or transjugular liver biopsy.

Portal hypertension was defined as a hepatic venous pres-

sure gradient of more than 10 mmHg, as defined by the

Baveno III criteria [11]. Exclusion criteria were a history of

abdominal surgery, episodes of chronic hepatic encepha-

lopathy, hepatocellular carcinoma or other malignancy,

portal vein thrombosis, active infection, shunt dysfunction

at 2 weeks after TIPS, severe cardiac or pulmonary

disease, organic renal disease (urinary protein level [500

mg/24 h, active sediment, or small kidneys on ultraso-

nography), and failure to obtain consent.

Of the 24 patients, 9 were excluded because of a history

of abdominal surgery (n = 2), colon cancer (n = 1), portal

vein thrombosis (n = 1), active infection (n = 1), shunt

dysfunction at 2 weeks after TIPS (n = 1), failure to obtain

consent (n = 2), or death during the evaluation period

(n = 1). The remaining 15 patients were included in the

study.

No nonsteroidal anti-inflammatory drugs were given

during the study. In addition, none of the patients received

vasoactive drugs such as beta-blockers, nitrates, calcium-

channel blockers, angiotensin II type 1-receptor blockers,

or angiotensin-converting enzyme inhibitors. Diuretics

were given for the treatment of ascites and pleural effusion.

Study protocol

All patients underwent CE within 3 days prior to and

2 weeks after TIPS. We used the Given PillCam SB2 video

capsule system (Given Imaging, Yoqneam, Israel) for CE

examination. The CE procedure and methodology for

review of images were conducted as described previously

[12]. The locations of the duodenum, jejunum, and ileum

were estimated with the localization software provided in

the CE workstation. The site of the duodenum was judged

from estimates of the position of the ligament of Treitz.

Based on the transit time of the CE from the last image of

the ligament of Treitz to the first image of the cecum, we

estimated the jejunum to occupy 40 % of the proximal

side, and the ileum 60 % of the distal side of the remaining

section of the small bowel. In cases where the CE failed to

reach the cecum but reached the terminal ileum, the

localization software was used to estimate the position of

the last image. Patients whose CE did not reach the ter-

minal ileum were excluded from the study.

The TIPS procedure was performed as described pre-

viously [13]. After the TIPS tract was created, an

expandable stent (Wallstent; Boston Scientific, Natick,

MA, USA) was placed and dilated to obtain a portosys-

temic pressure gradient (PSG) below 12 mmHg, because

variceal hemorrhage and ascites rarely develop below this

threshold [14]. To avoid a marked reduction in PSG, which

may lead to an increased risk of hepatic encephalopathy

[14, 15], the stent was dilated initially to 6 or 8 mm in

diameter. If the PSG remained above 12 mmHg, the stent

was dilated further to 8 or 10 mm. The PSG was calculated

as the portal venous pressure minus the inferior vena cava

pressure. A covered stent was not used because such stents

were not available in Japan. Color Doppler ultrasonog-

raphy was performed before and 2 weeks after TIPS to

assess shunt function. Angiography was performed if

shunt dysfunction was suspected by color Doppler ultra-

sonography. Shunt dysfunction was defined by angio-

graphic findings of shunt stenosis with an increase in the

PSG to greater than 12 mmHg. Patients received lactulose

to ensure a few soft bowel movements per day to prevent

hepatic encephalopathy.

Measurements of serum total bilirubin, serum albumin,

prothrombin time, and serum ammonia were performed

before and 2 and 4 weeks after TIPS.

This study was approved by the Nippon Medical School

Ethics Committee. Written informed consent was obtained

from each patient prior to their undergoing the procedure.

CE findings of small bowel mucosal changes

According to a previous report [2], PHE was defined as

small bowel mucosal changes with the following findings:

edema, angiodysplasia-like lesions, and red spots (Fig. 1).

We included isolated erythema in the category of red spots.

We also determined the location of lesions in each ana-

tomical area of the small bowel.

The presence of small bowel edema was evaluated by

CE and scored for each area of the small bowel. The

scoring of small bowel edema was as follows: score of 0,

no edema; score of 1, presence of edema. The edema score

was the sum of the duodenum, jejunum, and ileum edema

scores.

The numbers of angiodysplasia-like lesions and red

spots were counted for all areas of the small bowel. The

grade of angiodysplasia-like lesions and red spots was

assessed as follows: grade 0 (none, score 0), no lesions;
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grade 1 (mild, score 1), the number of lesions ranged from

1 to 4; grade 2 (moderate, score 2), the number of lesions

ranged from 5 to 20; and grade 3 (severe, score 3), the

number of lesions was greater than 20.

Small bowel varices were evaluated for their presence or

absence, and their location was identified.

Statistical analysis

Data are expressed as means ± standard deviation. The

Wilcoxon test was used to compare differences within the

patient group. Correlation was analyzed by the Spearman

rank correlation test. A two-tailed p value of 0.05 was

considered statistically significant.

Results

Patients

The clinical characteristics of the 15 cirrhotic patients with

portal hypertension are shown in Table 1. Esophageal and

gastric varices were detected in 14 and 4 patients, respec-

tively. Twelve patients received endoscopic sclerotherapy

and/or band ligation before TIPS. PHG, as defined by the

New Italian Endoscopic Club [16], was seen in 8 patients.

Eleven patients had moderate to severe ascites and were

treated with diuretics and therapeutic paracentesis with

albumin prior to the TIPS treatment. One patient had

required diuretics and repeated thoracentesis with albumin

for the control of symptoms prior to the TIPS placement.

Diuretics were given in 13 patients before TIPS, and the

doses of diuretics were decreased in 8 patients and

remained unchanged in 5 patients 2 weeks after TIPS.

TIPS was performed for refractory ascites, as defined by

the International Ascites Club [17], in11 patients, and it

was performed for refractory hepatic hydrothorax in 1

patient, esophageal variceal bleeding unresponsive to

endoscopic and pharmacological treatments in 2 patients,

and bleeding from PHE unresponsive to pharmacological

treatments in 1 patient.

TIPS outcomes

The stent diameters were 6, 8, and 10 mm in 3, 11, and 1

patient, respectively. A value of PSG below 12 mmHg

after TIPS was achieved in 14 patients. The PSG decreased

significantly after TIPS, from 21.2 ± 2.6 to 8.9 ± 3.3

mmHg (p \ 0.001) (Fig. 2). One patient experienced an

extrahepatic puncture related to TIPS insertion, but this

was not serious. The eleven patients with refractory ascites

and one patient with refractory hepatic hydrothorax did not

require paracentesis and thoracentesis after TIPS. In the 2

Fig. 1 Capsule endoscopic findings of the small bowel. a Edema. b Angiodysplasia-like lesions. c Red spots

Table 1 Clinical characteristics of the patients (n = 15)

Age (years) 63.1 ± 8.8

Sex (male/female) 12/3

Etiology

Hepatitis C 6

Alcohol 5

Primary biliary cirrhosis 1

Nonalcoholic steatohepatitis 2

Cryptogenic 1

Child class (A/B/C) 1/8/6

Child-Pugh score 9.0 ± 1.4

MELD score 11.1 ± 3.8

Serum total bilirubin (mg/dl) 1.5 ± 0.9

Serum albumin (g/dl) 2.8 ± 0.4

Prothrombin time (INR) 1.36 ± 0.20

Indication for TIPS

Refractory ascites 11

Refractory hepatic hydrothorax 1

Esophageal variceal bleeding 2

Portal hypertensive enteropathy bleeding 1

Data are given as means ± SD

MELD Model for end-stage liver disease

J Gastroenterol (2013) 48:633–639 635

123



patients with esophageal variceal bleeding and the one

patient with PHE bleeding, bleeding episodes were not

observed after TIPS.

Changes in CE findings

CE reached the terminal ileum in all patients. As shown in

Table 2, small bowel edema was seen in all patients before

TIPS. The small bowel edema was attenuated in 8 of the 15

patients after TIPS. There was a significant difference in

the average edema score between before and after TIPS

(2.3 ± 0.7–1.8 ± 0.6, p \ 0.005) in 15 patients. In 4 of the

9 patients with PSG less than 10 mmHg after TIPS, small

bowel edema was attenuated. There was a significant dif-

ference in the average edema score between before and

after TIPS (2.3 ± 0.7–1.9 ± 0.6, p \ 0.05) in these 9

patients. Angiodysplasia-like lesions were seen in 7

patients before TIPS, and were graded as 1 in 5 patients

and 2 in 2 patients. After TIPS, in the 2 patients with grade

2 angiodysplasia-like lesions, the grade was reduced,

whereas in the 5 patients with grade 1 angiodysplasia-like

lesions the lesions were unchanged. There was no signifi-

cant difference in the mean grade of angiodysplasia-like

lesions between before and after TIPS (0.6 ± 0.7–0.5 ±

0.5, p = 0.157) in the cohort as a whole. In the 9 patients

with PSG less than 10 mmHg after TIPS, grade 2 angio-

dysplasia-like lesions showed a reduced grade in one

patient, whereas the grades of angiodysplasia-like lesions

in the other patients were unchanged after TIPS. There was

no significant difference in the mean grade of angiodys-

plasia-like lesions between before and after TIPS (0.7 ±

0.7–0.6 ± 0.5, p = 0.319) in these 9 patients. Red spots

were seen before TIPS in 14 patients and were graded as 1,

2, and 3 in 7, 4, and 3 patients, respectively. The grade

improved after TIPS in 2 patients with grade 2 red spots

and 2 patients with grade 3 red spots, whereas the grades of

Fig. 2 Portosystemic pressure gradient (PSG) before and after

transjugular intrahepatic portosystemic shunt (TIPS). The PSG was

significantly reduced after TIPS (p \ 0.001)

Table 2 Capsule endoscopic findings before and after TIPS

Edema score Grade of angiodysplasia-like lesions Grade of red spots Small bowel varices PSG (mmHg)

Patient Before After Before After Before After Before After Before After

1 1 1 2 1 3 3 - - 20.6 5.9

2 2 2 2 1 1 1 ? - 22.8 16.5

3 2 2 0 0 1 1 - - 17.3 9.6

4 3 2 1 1 2 2 ? - 23.2 6.2

5 2 2 0 0 0 0 - - 22.1 6.2

6 3 2 1 1 2 2 ? - 17.6 8.5

7 3 2 1 1 2 1 ? - 24.3 10.7

8 2 2 0 0 1 1 - - 24.6 6.2

9 3 3 1 1 3 2 - - 19.1 8.1

10 2 1 0 0 2 1 - - 21.3 11.8

11 1 1 0 0 1 1 - - 16.9 10.7

12 2 1 1 1 1 1 - - 22.8 2.6

13 3 2 0 0 1 1 - - 22.1 8.1

14 3 2 0 0 1 1 - - 19.1 11.8

15 3 2 0 0 3 2 - - 23.5 10.7

The scoring of small bowel edema was as follows: 0, no edema; 1, presence of edema. The edema score was the sum of the duodenum, jejunum,

and ileum edema scores. The numbers of angiodysplasia-like lesions and red spots were counted for all areas of the small bowel. The grade of

angiodysplasia-like lesions and red spots was assessed as follows: grade 0 (none), no lesions; grade 1 (mild), the number of lesions ranged from 1

to 4; grade 2 (moderate), the number of lesions ranged from 5 to 20, and grade 3 (severe), the number of lesions was greater than 20. Small bowel

varices were evaluated for their presence (?) or absence (-)

PSG Portosystemic pressure gradient, TIPS transjugular intrahepatic portosystemic shunt
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red spots in the other patients were unchanged. There was a

significant difference in the mean grade of red spots

between before and after TIPS (1.6 ± 0.9–1.3 ± 0.7,

p \ 0.05) in 15 patients. In the 9 patients with PSG

less than 10 mmHg after TIPS, the grade of red spots

improved after TIPS in one patient with grade 3 red spots,

whereas the grades of red spots in the other patients were

unchanged. There was no significant difference in the mean

grade of red spots between before and after TIPS

(1.6 ± 1.0–1.4 ± 0.9, p = 0.319) in these 9 patients.

Small bowel varices were seen in 4 patients (all ileal var-

ices) before TIPS and all varices disappeared after TIPS.

Two of the 4 patients with small bowel varices showed a

decreased PSG to less than 10 mmHg after TIPS. There

were no significant correlations between the changes in

edema score, grade of angiodysplasia-like lesions, grade of

red spots, or grade of small bowel varices and the changes

in PSG. In one patient (patient 1, numbered in Table 2)

with repeated bleeding owing to red spots in the small

bowel unresponsive to pharmacological treatments, the

hemorrhage stopped after TIPS (Fig. 3). The small bowel

mucosal changes did not worsen in any patients after TIPS.

Changes in liver function test results

Differences in liver function test results before and after

TIPS are shown in Table 3. Serum total bilirubin had

increased significantly 4 weeks after TIPS, whereas the

prothrombin time had increased significantly 2 and

4 weeks after TIPS. There was no significant difference in

the concentrations of serum albumin before and after TIPS.

No patients had hepatic encephalopathy before TIPS.

Although serum ammonia showed a significant increase

after TIPS, no patients had hepatic encephalopathy 2 and

4 weeks after TIPS. Deterioration of these liver function

test results did not affect small bowel mucosal changes.

Discussion

This is the first study demonstrating the effects of portal

venous pressure decompression by TIPS on the small

bowel mucosal changes detected by CE in cirrhotic patients

with portal hypertension.

In this study, TIPS decreased portal venous pressure,

and small bowel edema was attenuated in 8 of the 15

(53 %) patients after TIPS. It has been suggested that the

presence of small bowel edema is strongly correlated with

high portal venous pressure [18]. Higaki et al. [19] reported

that small bowel edema, which was described in their study

as a ‘herring roe’ appearance, was seen by double-balloon

endoscopy in 8 (38 %) patients. The biopsy specimens they

obtained from small bowel edema had edema of the lamina

propria and submucosa. They also showed that serum

albumin (which was unchanged after TIPS in our study)

Fig. 3 A 57-year-old man (patient 1) showed tarry stool and anemia

requiring multiple blood transfusions. Upper gastrointestinal endos-

copy showed diffuse red spots in the duodenum but no esophagog-

astric varices and no portal hypertensive gastropathy. Colonoscopy

revealed small rectal varices. However, there was no evidence of

active bleeding from these lesions. To rule out any other cause of

anemia, we performed a capsule endoscopy (CE) that showed active

oozing of blood from the red spots on the jejunal mucosa. Because of

the patient’s peripheral vascular disease, we could not use beta-

blockers and performed transjugular intrahepatic portosystemic shunt

(TIPS). The portosystemic pressure gradient decreased from 21 to

6 mmHg after TIPS. Anemia and bleeding episodes were not

observed after TIPS and no further blood transfusion was necessary.

a CE showed diffuse red spots on the duodenal and jejunal mucosa

with active oozing of blood before TIPS. b CE showed a decrease in

the diffuse red spots 14 days after TIPS

Table 3 Differences in liver function test results before and after TIPS

Before (n = 15) After 2 weeks (n = 15) After 4 weeks (n = 15)

Total bilirubin (mg/dl) 1.5 ± 0.9 1.8 ± 1.0 2.3 ± 1.3*

Albumin (g/dl) 2.8 ± 0.4 2.7 ± 0.4 2.8 ± 0.5

Prothrombin time (INR) 1.36 ± 0.20 1.47 ± 0.21** 1.48 ± 0.22**

Ammonia (lg/dl) 58.0 ± 26.1 73.9 ± 36.4* 90.1 ± 50.3***

Data are given as means ± SD

* p \ 0.005 compared with before TIPS

** p \ 0.05 compared with before TIPS

*** p \ 0.01 compared with before TIPS
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was not associated with small bowel edema, but that the

degree of portal hypertension may be associated with the

presence of this lesion. These findings indicate that portal

hypertension may be related to the development of small

bowel edema. As shown in Table 2, small bowel edema

was attenuated in 8 of our 14 (57 %) patients with PSG less

than 12 mmHg after TIPS. A PSG value below 12 mmHg

may be necessary to attenuate small bowel edema in cir-

rhotic patients with portal hypertension.

There are controversial reports in the literature linking

the presence of angiodysplasia-like lesions and/or red spots

and portal hypertension. One case report showed that these

lesions were a complication of portal hypertension and

were attenuated by TIPS [10]. In contrast, another study

did not find a correlation between the presence of angio-

dysplasia-like lesions and/or red spots and high portal

venous pressure [18]. In our study, 2 of the 7 (29 %)

patients with angiodysplasia-like lesions and 4 of the 14

(29 %) patients with red spots showed improved findings

after TIPS. However, there was a no significant reduction

in the mean grade of angiodysplasia-like lesions between

before and after TIPS. We think that portal hypertension

may be partly related to the development of these lesions in

the small bowel.

In our study, 53 % of the patients with small bowel

edema and 29 % of the patients with angiodysplasia-like

lesions and red spots showed improved findings after TIPS.

Although there was a significant reduction of the portal

venous pressure after TIPS, the rate of favorable mucosal

changes seems to be relatively low. One possible expla-

nation for this may be the evaluation time after TIPS. There

have been no reports about the evaluation time after TIPS

for PHE. In previous studies that demonstrated the efficacy

of TIPS for PHG, PHG was evaluated 2–4 weeks after

TIPS [8, 9]. We think that assessing the efficacy of TIPS on

small bowel mucosal changes should not be done too soon

after TIPS. Therefore, the evaluation of small bowel

mucosal changes was performed 2 weeks after TIPS in the

present study. It may be necessary to evaluate the CE

findings with a more extensive follow up. Another possible

explanation for the relatively low rate of favorable mucosal

changes seen in our study may be the contribution of fac-

tors other than portal venous pressure. In our study, there

were no significant correlations between the changes in CE

findings and the changes in portal venous pressure. It has

been suggested that factors independent of portal hyper-

tension, such as gastric mucosal blood flow and other local

factors (overproduction of nitric oxide, oxygen free radi-

cals, endothelin-1, tumor necrosis factor alpha, and pros-

taglandins) may also be involved in the pathogenesis of

PHG [20].

In our study, small bowel varices (all ileal varices) were

seen in 4 patients before TIPS and all had disappeared after

TIPS. TIPS has been reported to be effective for the

treatment of bleeding from small bowel varices [21, 22],

although none of our patients had bleeding from their small

bowel varices. Therefore, we think that portal hypertension

may be an important factor in the development and

bleeding of small bowel varices.

Before TIPS, we detected small bowel edema in all

(100 %) of our patients, and angiodysplasia-like lesions

were detected in 7 (47 %), red spots in 14 (93 %), and

small bowel varices in 4 (27 %). It has been reported that,

based on findings from CE, cirrhotic patients with portal

hypertension had mucosal inflammatory-like abnormali-

ties, including small bowel edema in 22–42 %, angiodys-

plasia-like lesions in 24–52 %, red spots in 55–62 %, and

small bowel varices in 8–16 % [2, 4]. The high portal

venous pressure in our study may be associated with the

high rate of small bowel edema, because a previous study

reported a correlation between the presence of small bowel

edema and high portal venous pressure [18]. The reason for

the high proportion of patients with red spots in our study is

not clear. Two studies reported that cirrhotic patients with

small bowel mucosal lesions had a high Child-Pugh score

[2, 4]. The percentage of Child-Pugh class C patients

(40 %) in our study was higher than the percentages in

those two studies (3–27 %) [2, 4]. Therefore, the high

Child-Pugh score in our study may be associated with the

proportion of patients with small bowel mucosal lesions.

In the present study, one patient had repeated bleeding

owing to small bowel mucosal changes. Akyuz et al. [5]

recently reported that 21 of 444 (5 %) patients with portal

hypertension had obscure bleeding that could not be

explained by other portal hypertensive bleeding. Of these

21 patients, only one had active bleeding from small bowel

mucosal changes. Although such bleeding seems to be rare,

these lesions are a possible cause of bleeding.

We had one patient with PHE bleeding and the hem-

orrhage stopped after TIPS. To the best of our knowledge,

there has been only one case report showing that TIPS was

effective for the treatment of PHE bleeding unresponsive to

pharmacological treatments [10]. Although there is not

enough evidence to support the use of TIPS in PHE

bleeding, TIPS may become one of the treatment options

for refractory PHE bleeding.

Unfortunately, classification of the CE appearance of the

small bowel mucosal changes in patients with portal

hypertension is poor and consensus is generally lacking,

resulting in a wide range of reported prevalence and

making comparisons between studies difficult. De Palma

et al. [2] proposed that PHE should be classified into two

grades: mucosal inflammatory-like abnormalities (edema,

erythema, granularity, and friability) and vascular lesions

(cherry-red spots, telangiectasias or angiodysplasia-like

lesions, and varices). However, we think that PHE should
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not include small bowel varices because PHG does not

include gastric varices. Therefore, we defined PHE as small

bowel mucosal changes with edema, angiodysplasia-like

lesions, and red spots (excluding varices) based on their

classification. It is necessary to develop a definitive clas-

sification of the CE appearance of PHE.

In conclusion, in cirrhotic patients with portal hyper-

tension, small bowel edema, red spots, and small bowel

varices were attenuated after TIPS. Portal hypertension

may be an important factor in the development of small

bowel mucosal changes. Because TIPS reduces portal

venous pressure, it may become accepted as one of the

treatment options for refractory PHE bleeding. Further

studies should be carried out in larger numbers of patients

to clarify the efficacy of this treatment on small bowel

mucosal changes.
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