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Abstract Adjuvant embolization of varices may reduce

rebleeding in patients with a transjugular intrahepatic

portosystemic shunt (TIPS). The aim of this study was to

investigate the efficacy and the risks of adjuvant variceal

embolization at TIPS implantation using bucrylate.

Patients and Methods The retrospective study evaluated

104 of 237 cirrhotic patients with TIPS for variceal

bleeding who received adjuvant bucrylate embolization.

For TIPS creation, bare stents were used in 35 patients

(33.7%) and covered stents in 69 patients (66.3%) patients.

Isolated gastric varices were seen in 10 patients (9.6%).

Results Six patients (5.8%) rebled during a median follow-

up time of 26 months (1–57 months). Rebleeding occurred

in 14% (5/35) of patients with a bare stent but only in 1.4%

(1/69) of patients with a covered stent. The 1- and 2-year

rebleeding rates of all patients were 0.9 and 2.9% and of

patients receiving a bare stent were 2.9 and 8.6%, respec-

tively. Bucrylate migration was seen in 13 patients

(12.5%). In 9 of these patients (8.7%), asymptomatic lung

embolization occurred. This was rare in patients with

esophageal varices (3.1%) but frequent (60%) in patients

with isolated gastric varices and a spontaneous splenorenal

shunt.

Conclusions Our results suggest that adjuvant emboliza-

tion using bucrylate is effective and delays variceal

rebleeding. The general use of covered stents, however,

alleviates the utility of adjuvant bucrylate embolization

which may be restricted to patients with a high risk of

rebleeding indicated by large varices, active, acute or

recent variceal bleeding and advanced cirrhosis. Bucrylate

should not be used in isolated gastric varices because it

bears a high risk of migration into the lungs.
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Introduction

Variceal bleeding is a major indication for the implantation

of the transjugular intrahepatic portosystemic shunt (TIPS).

The TIPS treatment is recommended when medical treat-

ment failed or failure can be expected due to a high risk of

early rebleeding in patients with large varices, active, acute

or recent variceal bleeding and advanced cirrhosis [1].

During the intervention, a splenoportography is routinely

performed to verify a correct puncture site of an intra-

hepatic branch of the portal vein and to detect varices with

the aim of their occlusion if deemed necessary.

Several previous studies showed an advantage of adju-

vant variceal embolization [2]. For TIPS creation, these

studies included bare stents [3–5] and/or covered stents

[6–8]. Two of the studies used coils; 4 studies used coils

with or without bucrylate [5], or 100% ethanol [7], or
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Martin-Roessle@t-online.de

Lars Maruschke

lars.maruschke@uniklinik-freiburg.de

1 Department of Gastroenterology, University Hospital of

Freiburg, Hugstetter Str. 55, 79106 Freiburg, Germany

2 Department of Radiology, University Hospital of Freiburg,

Hugstetter Str. 55, 79106 Freiburg, Germany

123

Cardiovasc Intervent Radiol (2019) 42:729–736

https://doi.org/10.1007/s00270-019-02176-y

http://crossmark.crossref.org/dialog/?doi=10.1007/s00270-019-02176-y&amp;domain=pdf
https://doi.org/10.1007/s00270-019-02176-y


gelatin sponge [4], or various sclerosing agents [3]. Over-

all, embolization reduced rebleeding rates significantly

from 24 to 15% [2]. In the light of these findings it seems to

be surprising that present guidelines do neither mention nor

recommend the use of adjuvant variceal embolization [1].

Bucrylate (isobutyl cyanoacrylate) is a liquid tissue

adhesive for transcatheter embolization. It is used in radi-

ological and endoscopic interventions to occlude vessels

and to stop bleedings. In comparison with sponges, coils

and plugs, bucrylate is inexpensive and achieves immedi-

ate, irreversible and complete occlusion of the vessel

irrespective of coagulation deficiencies [9]. With respect to

side effects, bucrylate may have an increased risk of

migration which may result in lung embolization.

In contrast to previous studies on adjuvant embolization

predominantly using coils, our study describes the efficacy

and complications of adjuvant bucrylate embolization.

Patients and Methods

The study was performed in accordance with the Declaration

of Helsinki, and it has been approved by our local ethics

committee (no. EK 428/14). A total of 237 patients with cir-

rhosis admitted to our hospital for acute variceal bleeding or

for prophylaxis of variceal rebleeding between January 1,

2004, and January 26, 2017, received a TIPS treatment. Of

these patients 104 (44%) received adjuvant bucrylate

embolization at the time of TIPS implantation and were

included in this study. The outcome measurements of our

study were the rebleeding rates 1 and 2 years after treatment

and the acute adverse events of the embolization. Demo-

graphical, clinical and technical variables were obtained from

medical records and the reports of the TIPS intervention.

The TIPS implantation was performed as described pre-

viously [10]. All interventions were performed or supervised

by the same interventionalist (M.R.). After puncture of an

intrahepatic branch of the portal vein using a modified

Colapinto needle (TIPS-needle, Optimed, Ettlingen, Ger-

many), the guiding catheter (TFE 9F, 45 cm, Cook-Medical,

Hamburg, Germany) was advanced into the portal vein and a

pigtail catheter (5F, 90 cm, Performa�, Meritmedical, Gal-

way, Ireland) introduced through the guiding catheter. Pres-

sures in the portal vein and the right atrium were measured

using an electronic measuring device (Infinity C500, Dräger,

Lübeck, Germany). Thereafter, a splenoportography was

performed. A decision for embolization was made if varices

were large (i.e., diameter[ 3–4 mm at origin) and/or the

patient had acute or recent (within 2 weeks) bleeding before

the intervention.Using a guidewire (stiff type, angled, 0.03500,
180 cm, TerumoCorporation, Tokyo, Japan) a Cobra catheter

(5F, 100 cm, Cordis Corporation, Miami Lakes, USA) was

then advanced through the guiding catheter into the varices

and a selective angiography was performed. A mixture of

bucrylate (Histoacryl, B. Braun Surgical, Rubi, Spain) and

Lipiodol (Lipiodol� Ultra-Fluid, Guerbet, Roissy, France)

(1:1–1:3 vol/vol) was prepared and, after having flushed the

Cobra catheter with 20% glucose, 1–3 ml of bucrylate was

injected (mean 1.8 ml) slowly under fluoroscopic control.

Thereby, a greater dilution of bucrylate with Lipiodol (e.g.,

1:3 vol/vol) was used for esophageal varices to obtain a more

extended occlusion of the varices to hamper future collateral

formation. The success of embolizationwas defined as lack of

flow through the varices before the TIPS implantation. It

should be emphasized that residual bucrylate may occlude the

Cobra catheter. This is the reason why the guiding catheter

must be advanced into the portal vein before performing

embolization. To prevent reflux of bucrylate into the portal

vein, embolization was performed before the TIPS implan-

tation. After embolization, the guiding catheter was removed

into the parenchymal tract close to the hepatic vein and con-

trast mediumwas injected to opacify the parenchymal tract to

exclude a communication with bile ducts or branches of the

hepatic artery. The parenchymal tract was then dilated using a

balloon catheter (eucaPW, 6F, 8 9 40 mm, Eucatech AG,

Weil am Rhein, Germany) and a Viatorr stent (Viatorr, Gore

Medical, Putzbrunn, Germany) implanted and dilated to 8 or

10 mm. A final angiography and pressure measurement were

performed and, finally, the sheath and the catheter removed.

Follow-up of patients included a clinical and laboratory

examination and duplex sonography. Patients were seen at

intervals of 3 months during the first year of follow-up and

6-monthly thereafter. Variceal rebleeding was defined as

hematemesis or melena together with a drop in the hemo-

globin concentration by[ 2 g/L in the presence of varices

and absence of other bleeding sources at endoscopy.

Statistics

Continuous variables are expressed as mean with standard

deviation, whereas categorical variables are reported as

frequencies and percentages unless stated otherwise.

Patients were followed up until death, loss to follow-up or

the end of study. Time to rebleeding was calculated using

Kaplan–Meier analyses. Patients who were lost to follow-

up were censored at the time of their last visit.

Statistical analyses were performed with SPSS (version

25.0, IBM, New York, USA) and GraphPad Prism (version

7, GraphPad Software, San Diego, CA, USA).

Results

Patients Characteristics

The median follow-up time was 22.0 months (range

0–154). Twenty-three patients (22.1%) who received
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variceal embolization and who were analyzed in terms of

acute adverse events were lost to follow-up during the

study period. Five patients (4, 8%) received liver trans-

plantation during follow-up.

Table 1 shows the biomedical baseline characteristics

and interventional data of the patients receiving TIPS with

embolization for variceal bleeding. Clinical scores confirm

advanced liver disease with a majority of patients having

Child–Pugh B cirrhosis (52.9%). Most patients had eso-

phageal varices (55.3%) or esophageal and gastric varices

(36.5%), and only a minority (9.6%) had isolated gastric

varices draining through a spontaneous splenorenal shunt.

Patients received bare (33.7%) or covered stents according

to the time of their TIPS implantation.

Efficacy of Bucrylate Embolization

Bucrylate embolization was successfully performed in all

patients leading to an abolishment of the variceal blood

flow before the TIPS implantation. Figure 1 shows an

example of bucrylate embolization of esophagogastric

varices. The final splenoportography after TIPS placement

(Fig. 1D) shows a small residual collateral which has not

been embolized. Figure 2 shows the situation in a patient

with isolated gastric varices draining into a spontaneous

splenorenal shunt. Bucrylate embolization may be prob-

lematic since it may migrate into the lungs.

A summary of the endpoints of the study is presented in

Table 2. Rebleeding was observed in 7 patients. One

patient rebled due to the presence of severe portal hyper-

tensive gastropathy. Six patients had variceal rebleeding;

all of them had insufficient or occluded shunts. Five

patients had a bare and 1 a covered stent implanted. Thus, 5

(14%) of the 35 patients with a bare stent and only 1 patient

(1.4%) of the 69 patients with a covered stent rebled.

Variceal rebleeding occurred after a median of 26 months.

The 1- and 2-year probability of variceal rebleeding was

0.9% and 2.9%, respectively (Fig. 3). The revision of the

angiographies performed before TIPS implantation showed

that, in all 6 cases with variceal rebleeding, additional

smaller collaterals along the splenoportal axis have been

present.

Complications of Embolization

Non-target embolization was the only complication

observed in 13 patients (12.5%) (Table 2). Backward

migration into the portal vein was seen in 7 patients. Since

Table 1 Baseline

characteristics of patients
TIPS with embolization (n = 104)

Age (years), mean ± SD 57.4 ± 12.4

Gender, n (%)

Female 33 (31.7%)

Male 71 (68.3%)

Etiology, n (%)

Alcohol 53 (51.0%)

HCV, HBV 19 (18.3%)

Other 32 (30.7%)

Varices (location at angiography), n (%)

Esophageal 56 (55.3%)

Esophageal and gastric 38 (36.5%)

Isolated gastric 10 (9.6%)

Child–Pugh score 8.4 ± 9.2

Child–Pugh stage, n (%)

A 18 (17.3%)

B 55 (52.9%)

C 31 (29.8%)

MELD score, mean ± SD 10 ± 6

Bare stent, n (%) 35 (33.7%)

Covered stent, n (%) 69 (66.3%)

Nominal stent diameter (mm), mean ± SD 8.6 ± 0.9

Portosystemic pressure gradient (mmHg)

Before TIPS 21.9 ± 6.1

After TIPS 9.4 ± 3.7
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this may cause thrombotic occlusion, removal of embolic

material has been performed consistently and successfully

in all 7 patients. The material was detached from the wall

of the portal vein using a pigtail catheter or j-guide wire

and transferred into intrahepatic portal branches or into the

lungs via the TIPS (3 patients). Forward migration of

bucrylate was seen in 6 patients with a spontaneous

splenorenal shunt who were treated for isolated gastric

variceal bleeding. A small proportion of the injected

bucrylate migrated through the spontaneous shunt into the

lungs before occlusion could be achieved. Backward

bucrylate migration into the liver did not result in deteri-

oration of the liver test results. Migration into the lungs

was clinically asymptomatic in all patients and did not

cause respiratory or cardiac dysfunction. Overall, lung

embolization was rare in patients treated for esophageal

varices or combined esophageal and gastric varices (3.1%)

but frequent in patients with isolated gastric varices (60%),

Fig. 1 A Splenoportography (DSA) showing esophagogastric varices

emerging from the left gastric vein. B Selective angiography of

varices. C Selective angiography of occluded varices after injection of

1 ml bucrylate/Lipiodol. D Final splenoportography after TIPS

placement and bucrylate embolization. Please note the small collat-

eral which was not occluded and which originates from the splenic

vein
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all of them having a spontaneous splenorenal shunt. With

the exception of 1 patient treated for acute bleeding who

died 3 days after the intervention from multi-organ failure,

all of the 104 patients receiving bucrylate embolization

survived the index hospital stay.

Discussion

Our study shows an overall rebleeding rate with bare stents

of 14%, a finding which is in the lower range when com-

pared to earlier randomized studies without adjuvant

embolization showing overall rebleeding rates in the TIPS

groups of 9–40.6% [10]. Our 1- and 2-year rebleeding rates

were only 2.9 and 8.6%. Previous studies of our institution

with bare stents including comparable patients showed 1-

and 2-year rebleeding rates of 15 and 21% although 10 and

Fig. 2 A Portography showing huge isolated gastric varices emerging from the left gastric vein. The diameter of the portal vein is smaller than

the diameter of the varices. B The gastric varices drain into a spontaneous splenorenal shunt

Table 2 Summary of endpoints

Endpoint Value

Variceal rebleeding, total, n (%) 6 (5.8)

Rebleeding in 35 pts with bare stents, n (%) 5 (14)

Rebleeding in 69 pts with covered stents, n (%) 1 (1.4)

Time to rebleeding (months), range 1–57

Median 26

Probability of rebleeding, % all patients/bare stent/covered stent

1-year 0.9/2.9/0

2-year 2.9/8.6/0

Migration of bucrylate n (%) 13 (12.5)

Backward migration n (%) 7 (6.7)

Forward migration n (%) 6 (5.8)

Migration with lung embolization n (%) 9 (8.7)

In 96 pts with esophageal varices n (%) 3 (3.1)

In 10 pts with isolated gastric varices, n (%) 6 (60)

Fig. 3 Kaplan–Meier analysis of the time to rebleeding in 104

patients receiving adjuvant bucrylate embolization at TIPS implan-

tation. All except one of the rebleedings occurred in patients with a

bare stent. Patients were censored at their last visit or at the date of

liver transplantation

M. Schultheiß et al.: Adjuvant Transjugular Variceal Occlusion at Creation of a Transjugular… 733

123



51% of patients received adjuvant bucrylate embolization,

respectively [11, 12]. In a meta-analysis published in 2008

including 12 studies performed between 1996 and 2002

with bare stents, variceal rebleeding occurred in 24% of

patients during a mean follow-up time of 24 months [13].

Thus, comparing the results of the present study with his-

torical data it can be suggested that systematic bucrylate

embolization may delay rebleeding effectively. All shunts

showed stenosis or occlusion at the time of rebleeding,

indicating that embolization alone does not prevent

rebleeding if portal hypertension returns.

In patients receiving covered stents with a much smaller

risk of stenosis/occlusion, the positive effect of emboliza-

tion may be limited. As shown in recent studies, 1- and

2-year rebleeding rates are 0–8% only [14–17]. However,

interventionalists were free to decide for adjuvant

embolization and a variable proportion of patients received

embolization with coils or bucrylate in all studies.

Although adjuvant embolization does not seem to be

essential to further decrease rebleeding rates, embolization

of large varices may be recommended for the following

reasons: First, 25–40% of covered stents develop insuffi-

cient function within 2–3 years of follow-up [18–20],

suggesting a considerable long-term risk of rebleeding.

Second, large gastric varices are often combined with a

very low portal pressure questioning the rationale and

benefit of portal decompressive treatment alone [10]. In

these cases, the reason for variceal bleeding is rather the

thin wall of the large varices than the elevated portal

pressure [10]. Third, it may be speculated that large col-

laterals compete with the shunt maybe increasing the

incidence of shunt failure. Clinical long-term studies are

required to show whether adjuvant embolization may also

be advisable in patients receiving covered stents.

Our data are in accordance with a meta-analysis

including 6 studies showing an advantage of adjuvant

embolization [2–8]. All studies used coils without [6, 8] or

with sclerosing agents such as bucrylate [5], 100% ethanol

[7], gelatin sponge [4], or various sclerosing agents [3]. A

recent retrospective study by Lakhoo et al. [21] investi-

gated the reasons for rebleedings in patients having

received coil embolization. 25 of 141 patients receiving

TIPS with bare as well as covered stents for variceal

bleeding rebled, and their records were subjected to a root

cause analysis to detect the cause of treatment failure.

These authors revised the angiographies obtained at TIPS

implantation and found that the most common cause of

recurrent variceal bleeding was lack or insufficient variceal

embolization detected in 64% of rebleeders. This inter-

pretation presumes that proper embolization should defi-

nitely prevent rebleeding, an assumption of questionable

validity. Our study confirms the findings by Lakhoo. All

patients with rebleedings showed additional small

collaterals which have not been embolized at TIPS

implantation, but all of them had also some degree of shunt

failure. The additional occlusion of these small collaterals

may be technically difficult and time-consuming and may

have a high risk of retrograde bucrylate migration. Its

effectivity may be questioned because new small collat-

erals may develop rapidly when portal hypertension recurs.

Based on these considerations we did not embolize small

collaterals because we felt that the technical challenge, the

risk and questionable success were not worth the presum-

able small benefit of occlusion. Thus, in contrast to Lakhoo

et al. [21] we conclude that sufficient reduction in the

pressure gradient (e.g.,\ 12 mmHg) is mandatory to pre-

vent rebleeding while embolization of large collaterals is a

supportive measure that delays rebleeding when shunt

failure develops. The study by Lakhoo et al. also demon-

strates that embolization using coils may be technically

challenging and not always sufficiently effective [21, 22].

With respect to safety, non-target embolization occurred

in 13 of our 104 patients. In 7 patients we observed

backward migration of the glue into the portal vein, and in

6 patients a forward migration through a spontaneous

portacaval shunt into the systemic circulation occurred.

Fortunately, due to the small amount of bucrylate injected

(1.8 ml), bucrylate migration was asymptomatic in all

patients. In cases with backward migration into the portal

vein, bucrylate was always removed from the main stem of

the portal vein to prevent portal vein thrombosis. We aimed

at embolizing collaterals from their portal origin to obtain

complete and permanent occlusion. This may have

increased the risk of backward migration of bucrylate into

the portal vein. A more selective catheterization and

peripheral injection of bucrylate may be recommended to

reduce the risk of backward migration.

Lung embolization was rare in patients treated for eso-

phageal varices but common in patients with isolated

gastric varices draining through a spontaneous splenorenal

shunt. Although patients did not develop clinical signs of

lung embolization, this type of varices should not be

embolized with bucrylate but with coils or plugs instead. If

bucrylate is still preferred, coils or a balloon catheter

placed in the proximal varices or in the left renal vein may

be used to reduce the blood flow before the glue is injected.

In addition, as published recently [23], migration of

bucrylate into the systemic circulation may cause cerebral

embolization in patients with a patent foramen ovale

(PFO). In view of the fact that about 25% of individuals

have PFO, bucrylate migration into the systemic circulation

should be avoided strictly. In contrast to isolated gastric

varices, bucrylate embolization seems to be sufficiently

safe and can be recommended for adjuvant treatment of

esophageal varices. This statement may also be relevant for

endoscopic bucrylate embolization for bleeding from

734 M. Schultheiß et al.: Adjuvant Transjugular Variceal Occlusion at Creation of a Transjugular…

123



gastric varices. In a large study including 140 patients, 6

patients (4, 3%) showed migration of embolization into the

lungs [24]. Due to the application of larger amounts of the

agent (4.2 ml), 4 of these patients developed respiratory

distress. In addition, several case reports describing respi-

ratory failure after endoscopic bucrylate embolization have

been published [25, 26]. Lung embolization after endo-

scopic treatment is likely as frequent as after transjugular

embolization. Therefore, endoscopic bucrylate emboliza-

tion of isolated gastric varices should be applied only if

demanded by severe emergency bleeding. It should be

performed under fluoroscopic control, and the amount of

bucrylate injected should be limited to 1–2 ml.

Our study is limited by its retrospective character and

the lack of a control group. Patients not receiving

embolization were not considered as a control group

because of an obvious selection bias provided by the

interventionalist. These patients generally had no acute or

active bleeding, a lower risk of rebleeding and smaller or

no visible varices at angiography. Statistical methods often

applied in retrospective studies such as multiple regression

or propensity score matching are not appropriate to reduce

the selection bias because in our study confounding vari-

ables (e.g., risk of bleeding) were complex, unknown, not

quantifiable or not recorded. Comparison between groups

with or without adjuvant embolization did, therefore, not

seem to be meaningful.

In summary, our results with bare stents suggest that

adjuvant embolization using bucrylate is effective and

delays variceal rebleeding. The general use of covered

stents, however, alleviates the utility of adjuvant bucrylate

embolization which may be restricted to situations with a

high risk of rebleeding such the presence of large varices,

active, acute or recent variceal bleeding and advanced

cirrhosis. Bucrylate should not be used in isolated gastric

varices because it bears a high risk of migration into the

lungs and a risk of cerebral infarction. In these patients,

plugs or coils should be preferred.
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