
VOL. 16, NO. 4 APRIL 2017 ENDOVASCULAR TODAY 63 

E M B O L I Z AT I O N

Endovascular 
Transvenous 
Obliteration of Bleeding 
Gastric Varices

G
astric varices may develop from portal hyper-
tension or splenic vein occlusion, so-called 
left-sided portal hypertension. Medical and 
endoscopic refractory bleeding or hepatic 

encephalopathy are complications that may occur from 
enlargement of these portosystemic collaterals. 

Unlike esophageal variceal bleeding, gastric variceal 
bleeding is more difficult to control endoscopically 
due to size and high flow and may bleed at lower 
portosystemic pressure gradients.1,2 Balloon-occluded 
retrograde transvenous obliteration (BRTO) of gastric 
varices is now an established endovascular technique 
to directly treat bleeding vessels with high technical 
success rates and good clinical outcomes.3-6 Adjunctive 
and alternative endovascular techniques to decompress 
gastric varices include transjugular intrahepatic porto-
systemic shunts (TIPS) and splenic reduction through 
particle embolization. Transvenous gastric variceal 
obliteration is advantageous in patients with elevated 
MELD scores and encephalopathy, who would other-
wise be poor candidates for TIPS.2,7

In this article, we discuss our preprocedural approach 
and workup, procedural technique, possible complica-
tions/adverse effects, and utilization of alternative out-
flow occlusion techniques including coil-assisted and 
plug-assisted transvenous obliteration. 

CLINICAL EVALUATION AND WORKUP
Upon initial consultation, if not already available, 

we perform contrast-enhanced CT for delineation 
of the portal venous and shunt anatomy.8 In some 
circumstances, gastric varices develop secondary to 
chronic splenic vein occlusion. If technically feasible, we 
attempt splenic vein recanalization from a transhepatic 
or transplenic approach. If this is unsuccessful, splenic 
reduction through particle embolization would be per-
formed, as splenectomy is not typically desired given 
the potential morbidity and challenges of surgically 
negotiating extensive perisplenic collaterals. In addition, 
imaging may demonstrate portal venous occlusion or 
stenosis as the etiology of portal hypertension, in which 
case, treatment would be directed toward potentially 
correcting the portal venous obstruction and, if neces-
sary, following with embolization or obliteration of the 
gastric varices. 

If splenic vein or portal vein stenosis or occlusion is 
absent, then we evaluate the CT for the presence of 
a gastrorenal or gastrocaval shunt. Typical laboratory 
workup and clinical resuscitation is performed, and 
abnormalities are corrected as necessary. As described 
in previous reports, resuscitation should not be over-
aggressive, as this may precipitate bleeding due to 
increasing portal pressure.1,9,10 Patients who have large-

An overview of the preprocedural workup and technique involved in balloon-occluded 

retrograde transvenous obliteration, as well as alternative occlusion strategies.

BY PRASHANT SHRESTHA, MD; ALESSANDRO GASPARETTO, MD; REZA TALAIE, MD; 

SIOBHAN FLANAGAN, MD; AND JAFAR GOLZARIAN, MD



64 ENDOVASCULAR TODAY APRIL 2017 VOL. 16, NO. 4

E M B O L I Z AT I O N

volume ascites accumulation or concomitant 
esophageal varices are potentially at risk for 
exacerbation of symptoms after occlusion 
of the large decompressing collateral, which 
can be as high as 27% at 1 year and 58% at 
3 years. Appropriate consultation and discus-
sion about this risk is warranted prior to vari-
ceal obliteration.3,7

TECHNIQUE
Given the trajectory of the gastrorenal 

shunt anatomy, we favor a transfemoral 
approach, although a transjugular approach 
is also feasible. From our initial CT evalua-
tion, the size of the gastrorenal or gastrocaval 
shunt is ascertained to select the size of bal-
loon occlusion catheter that is needed.

A long sheath that is one or two French 
sizes larger than the outer diameter of 
the balloon occlusion catheter is typically 
selected. This allows for venography around 
the balloon catheter and permits continuous 
saline infusion, both to keep the lumen open 
and to prevent thrombus formation during the balloon 
inflation dwell period.

Catheterization of the gastrorenal or gastrocaval 
shunt is typically performed with a 5-F Cobra or 
other angled selective catheter. Due to flow dynamics, 
venography is performed to properly delineate the 
shunt anatomy and is improved with occlusion of the 
efferent vein. A stiff 0.035‑inch wire (eg, Rosen wire, 
Cook Medical) is advanced into the shunt to provide 
enough stiffness and working length to track the bal-
loon occlusion catheter into the shunt. The selection 
of a specific balloon occlusion catheter depends on 
the size of the venous shunt, which can be estimated 
on the preprocedural CT or measured on initial 
venography. The shunt will usually be tortuous and 
demonstrate varying segments of larger and smaller 
diameters but is typically smallest nearest its conflu-
ence with the renal vein. 

When feasible, we use a 7-F Python catheter (Applied 
Medical) with a maximum balloon diameter of 14 mm. 
If a larger-diameter balloon is necessary, we use the 
Coda balloon catheter (Cook Medical), which has a 
maximum inflation diameter up to 45 mm. The draw-
back of larger balloon occlusion catheters is the need 
for a larger sheath size and its relative stiffness, which 
may prove difficult to track into the shunt.

After placing the balloon occlusion catheter, venog-
raphy is performed to confirm occlusion of the efferent 
vein and determine the efferent venous anatomy. The 

classification of venous outflow has previously been 
described11 and depends on the number and type of 
efferent veins (Figure 1). Type D anatomy, in which no 
large gastrorenal or gastrocaval shunt is present, is usu-
ally the only type that would not be feasible to treat 
through a traditional, nontransplenic, or nontranshe-
patic approach, as the drainage pathway into the sys-
temic circulation is through multiple small branches.

In type B outflow anatomy, smaller collateral peridia-
phragmatic pathways may be present. These may com-
pete and prevent adequate distribution of the oblitera-
tive material or serve as a potential source of nontarget 
systemic embolization. Therefore, these branches are 
usually embolized prior to treatment. Pushable coils 
are adequate to occlude the small collateral venous 
pathways (Figure 2). The gastric varix is catheterized 
as deeply as possible with a coaxial microcatheter. We 
have found that larger microcatheters, such as the 2.8-F 
Progreat device (Terumo Interventional Systems), do 
not fit through the lumen of the 7-F Python catheter. 
Therefore, we use a smaller-profile microcatheter, 
such as the 2.4-F Direxion device (Boston Scientific 
Corporation).

The choice of sclerosant material is operator and 
institution dependent. Different materials and mixtures 
have proven to be effective.1,4,12,13 In the classic tech-
nique, 5% ethanolamine oleate iopamidol (10% etha-
nolamine oleate mixed equally with iodinated contrast) 
is used; however, this carries potential adverse effects, 

Figure 1.  Classification of efferent venous drainage types. Type A has 

a single efferent outflow vein, typically a gastrorenal shunt (A); type B 

demonstrates additional smaller efferent outflow veins, typically 

peridiaphragmatic (B); type C has both a gastrorenal and gastrocaval 

shunt (C); and type D demonstrates multiple small efferent collaterals 

without a large gastrorenal or gastrocaval shunt (D).
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including hemolysis-induced renal tubular dys-
function and insufficiency.14 Haptoglobin is a 
hemoglobin-binding agent that is administered 
during infusion to prevent renal dysfunction, 
but it is not commercially available for use in 
humans in the United States.10

Other sclerosing and embolic agents 
include Gelfoam (Pfizer, Inc.) slurry, n-butyl-
2-cyanoacrylate, and foam sotradecol sulfate. 
We have achieved good results using sodium 
tetradecyl sulfate (STS) foam in a mixture with 
either Lipiodol (Guerbet LLC) or iodinated 
contrast and CO2 or room air. The typical mix-
ture ratio is one part Lipiodol, two parts 3% 
STS, and three parts CO2 or room air (a 1:2:3 
ratio). Lipiodol provides better radiographic 
visualization but can theoretically cause bal-
loon rupture and could potentially lead to 
nontarget embolization. We found that iodin-
ated contrast provides adequate visualization 
with a ratio of 3:2:3 or 3:2:2 of CO2, 3% STS, 
and Visipaque 320 (GE Healthcare). In addition, 
utilizing room air rather than CO2 provides 
a more sustainable foam solution without 
any reported adverse effects and potentially 
increased efficacy, which may be related to the 
material’s ability to better remain as a foam.

During delivery of the embolization or 
obliterative solution, the challenge is to avoid 
and minimize entry into the afferent portal 
system. In this regard, careful attention should 
be given to visualizing the depth of sclerosant 
delivery and, when necessary, retracting 
the microcatheter. Filling of the large gastric varices 
should be directly visualized, and the technical end-
point is achieved when the sclerosant or embolic 
material is seen to approach or just enter into the 
afferent portal branch. Cone-beam CT can potentially 
be helpful in evaluating the degree of embolization 
and determining whether the endpoint has been 
reached.15 Given the high stakes of preventing portal 
venous entry, the use of Lipiodol may be preferred 
due to its higher radiopacity.

POSTPROCEDURAL CARE AND 
COMPLICATIONS

After satisfactory delivery of the treatment agent, 
we leave the occlusion catheter with the balloon 
inflated and sheath in place for at least 4 to 6 hours 
or overnight. Overnight placement of the inflated 
balloon is a conservative approach and theoretically 
reduces risk of nontarget embolization, but data and 

experience suggest a low risk of this complication 
with early balloon removal, showing no significant dif-
ference in clinical efficacy.2,16 Normal saline is infused 
through the sheath to prevent thrombus forma-
tion, and the sheath is typically retracted out of the 
left renal vein. The patient returns the next day for 
catheter and sheath removal. CT (without contrast 
and venous phase) or limited catheter venography 
is sometimes performed prior to sheath removal to 
assess for adequate variceal coverage.

When performed with diligence, BRTO is safe and 
efficacious. The major complication rate is approxi-
mately 2.6%, defined as portal/splenic vein thrombosis, 
systemic venous thrombosis, and pulmonary embo-
lism.17 Although not an immediate complication, aggra-
vation of esophageal varices is a known side effect of 
BRTO,1,7,17 due to corresponding elevation of the hepat-
ic venous pressure gradient, requiring careful follow-up 
including endoscopy.18

Figure 2.  Fluoroscopic images from a BRTO procedure and CT the fol-

lowing day. Small peridiaphragmatic efferent veins are visible (solid 

white arrow), and a 7-F Python balloon occlusion catheter was inflated 

(solid black arrow) (A). The peridiaphragmatic vein was occluded with 

small pushable coils (hollow black arrow), with the microcatheter posi-

tioned deep into the gastric varix (hollow white arrow) (B). Contrast-

enhanced portal venous phase CT before (C) and 2 days after BRTO (D) 

demonstrates the absence of contrast enhancement with foam scle-

rosant persisting in the large treated varices. 
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ALTERNATIVE VENOUS OUTFLOW 
OCCLUSION STRATEGIES

If a balloon occlusion catheter cannot be used to 
occlude the efferent shunt (eg, if an appropriate-sized 

balloon catheter is unavailable or the 
catheter cannot be tracked into the tortu-
ous shunt to properly occlude flow), large 
diameter and length coils or vascular plugs 
can be used.19,20 The benefit of immediate 
efferent shunt occlusion obviates the need 
for prolonged balloon occlusion, which 
may save on the associated costs, resources, 
and potential complications of indwelling 
sheaths, such as bleeding or thrombosis. 
The drawback is that for the small percent-
age of cases in which gastric variceal bleed-
ing recurs or is not initially fully obliter-
ated, reaccess to the varix is subsequently 
blocked, and alternate approaches would 
be necessary, such as transhepatic or 
transplenic access through the afferent vein. 

Coil-assisted retrograde transvenous oblit-
eration utilizes a single-access sheath with 
two coaxial catheters. One catheter is used 
to catheterize deep into the gastric varix, 
while the other is left in a position closer to 
the efferent vein. After deploying multiple 
coils to block the efferent vein, the degree of 
occlusion is confirmed with injection of the 
catheter positioned within the gastric varix. 
Once appropriate occlusion is confirmed, 
the embolic or sclerosant material is deliv-
ered in a similar fashion as the traditional 
BRTO technique (Figure 3). Plug-assisted 
retrograde transvenous obliteration shares 
a similar technique as vascular coils with 
utilization of large vessel occlusive vascular 
plugs. Both techniques may require the use 
of a second access site to facilitate correct 
catheter positioning. The plug-assisted ret-
rograde transvenous obliteration technique 
utilizes an appropriately sized Amplatzer 
vascular plug II (St. Jude Medical, Inc.). 
Typically, flow occlusion is not immediate, 
and therefore, the plug is left for a period of 
5 to 10 minutes, at which point, the degree 
of occlusion is evaluated.20 If contrast con-
tinues to flow or leak through or around 
the plug, additional embolization may be 
performed with Gelfoam slurry or place-
ment of vascular coils. One recent single-
center retrospective study revealed that 

the plug-assisted retrograde transvenous obliteration 
technique demonstrated more frequent recurrence of 
gastric varices during long-term follow-up compared 
with BRTO.21

Figure 3.  Coil-assisted transvenous gastric variceal obliteration. Dual 

microcatheters were positioned (A), and a large occlusive nest of coils 

was deployed through the microcatheter closer to the efferent venous 

outflow (hollow black arrow) (C). Digital subtraction angiography per-

formed within the varix prior to coil embolization (B). After confirming 

occlusion of the efferent outflow, as demonstrated by stagnation of 

injected contrast (hollow white arrow), sclerosant or embolic material 

may be delivered (D).
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More recently, combined afferent and efferent 
venous occlusive approaches have been utilized 
to embolize gastric varices, including the “trap” 
obliteration technique.22-24 Theoretically, this may 
improve safety by not only occluding the efferent 
veins entering into the systemic circulation through 
the traditional BRTO technique, but also the affer-
ent veins such as the left or posterior gastric veins, 
to prevent the complication of portal venous entry 
and subsequent thrombosis. It is unclear whether this 
combined, dual-access approach may improve on the 
safety and clinical efficacy profile of an already highly 
effective technique. 

CONCLUSION	
Transvenous obliteration is now an established mini-

mally invasive endovascular technique that is effective 
and durable in treating gastric variceal bleeding due 
to portal hypertension. Many variations in technique 
and approach have been described, including the use 
of different embolic or obliterative solutions and alter-
native occlusive strategies such as vascular plugs and 
coils. These various options allow for more widespread 
adoption of this treatment by offering techniques that 
overcome the limitations of resource and product 
availability.  n

1.  Patel A, Fischman AM, Saad WE. Balloon-occluded retrograde transvenous obliteration of gastric varices. AJR Am 
J Roentgenol. 2012;199:721-729.
2.  Sabri SS, Swee W, Turba UC, et al. Bleeding gastric varices obliteration with balloon-occluded retrograde 
transvenous obliteration using sodium tetradecyl sulfate foam. J Vasc Interv Radiol. 2011;22:309-316.
3.  Ninoi T, Nishida N, Kaminou, et al. Balloon-occluded retrograde transvenous obliteration of gastric varices with 
gastrorenal shunt: long-term follow-up in 78 patients. AJR Am J Roentgenol. 2005;184:1340-1346.
4.  Cho SK, Shin SW, Lee IH, et al. Balloon-occluded retrograde transvenous obliteration of gastric varices: outcomes 
and complications in 49 patients. AJR Am J Roentgenol. 2007;189:W365-W372.
5.  Gwon DI, Ko GY, Yoon HK, et al. Gastric varices and hepatic encephalopathy: treatment with vascular plug and 
gelatin sponge-assisted retrograde transvenous obliteration—a primary report. Radiology. 2013;268:281-287.
6.  Hiraga N, Aikata H, Takaki S, et al. The long-term outcome of patients with bleeding gastric varices after balloon-
occluded retrograde transvenous obliteration. J Gastroenterol. 2007;42:663-672.
7.  Saad W. Balloon-occluded retrograde transvenous obliteration of gastric varices: concept, basic techniques, and 
outcomes. Semin Intervent Radiol. 2012;29:118-128.
8.  Kiyosue H, Ibukuro K, Maruno M, et al. Multidetector CT anatomy of drainage routes of  gastric varices: a pictoral 
review. Radiographics. 2013;33:87-100.
9.  Kiyosue H, Mori H, Matsumoto S, et al. Transcatheter obliteration of gastric varices: part 2. Strategy and 
techniques based on hemodynamic features. Radiographics. 2003;23:921-937.
10.  Al-Osaimi AM, Caldwell SH. Medical and endoscopic management of gastric varices. Semin Intervent Radiol. 
2011;28:273-282.
11.  Sabri SS, Saad WE. Anatomy and classification of gastrorenal and gastrocaval shunts. Semin Intervent Radiol. 
2011;28:296-302.
12.  Kanagawa H, Milma S, Kouyama H, et al. Treatment of gastric fundal varices by balloon-occluded retrograde 
transvenous obliteration. J Gastroenterol Hepatol. 1996;11:51-58.
13.  Fukuda T, Hirota S, Sugimura K. Long-term results of balloon-occluded retrograde transvenous obliteration for 
the treatment of gastric varices and hepatic encephalopathy. J Vasc Interv Radiol. 2001;12:327-336.
14.  Kiyosue H, Mori H, Matsumoto S, et al. Transcatheter obliteration of gastric varices. Part 1. Anatomic classifica-
tion. Radiographics. 2003;23:911-920.
15.  Lee EW, So N, Chapman R, et al. Usefulness of intra-procedure cone-beam computed tomography in modified 
balloon-occluded retrograde transvenous obliteration of gastric varices. World J Radiol. 2016;8:390-396.
16.  Sabri SS, Saad WE. Balloon-occluded retrograde transvenous obliteration (BRTO): technique and intraproce-
dural imaging. Semin Intervent Radiol. 2011;28:303-313. 
17.  Park JK, Saab S, Kee ST, et al. Balloon-occluded retrograde transvenous obliteration (BRTO) for treatment of 

gastric varices: review and meta-analysis. Dig Dis Sci. 2015;60:1543-1553.
18.  Jogo A, Nishida N, Yamamoto A, et al. Factors associated with aggravation of esophageal varices after BRTO for 
gastric varices. Cardiovasc Intervent Radiol. 2014;37:1243-1250.
19.  Chang MY, Kim MD, Kim T, et al. Plug-assisted retrograde transvenous obliteration for the treatment of gastric 
variceal hemorrhage. Korean J Radiol. 2016;17:230-238.
20.  Lee EW, Saab S, Gomes AS, et al. Coil-assisted retrograde transvenous obliteration (CARTO) for the treatment of 
portal hypertensive variceal bleeding: preliminary results. Clin Transl Gastroenterol. 2014;5:e61. 
21.  Kim YH, Kim, CS, Kang, UR, et al. Comparison of balloon-occluded retrograde transvenous obliteration (BRTO) 
using ethanolamine oleate (EO), BRTO using sodium tetradecyl sulfate (STS) foam and vascular plug-assisted 
retrograde transvenous obliteration (PARTO). Cardiovasc Intervent Radiol. 2016;39:840-846.
22.  Saad WE, Sze DY. Variations of balloon-occluded retrograde transvenous obliteration (BRTO): balloon-occluded 
antegrade transvenous obliteration (BATO) and alternative/adjunctive routes for BRTO. Semin Intervent Radiol. 
2011;28:314-324.
23.  Stein M. Combined transfemoral and transhepatic embolization of gastric varices. Endovasc Today. 
2016;16(4 suppl):16-17. 
24.  Gaba, RC. Retrograde-antegrade accelerated trap obliteration: a modified approach to transvenous eradication 
of gastric varices. J Vasc Interv Radiol. 2017;28:291-294.

Prashant Shrestha, MD
Assistant Professor
Department of Radiology
University of Minnesota
Minneapolis, Minnesota
pshresth@umn.edu
Disclosures: None.

Alessandro Gasparetto, MD
Interventional Radiology Fellow
Department of Radiology
University of Minnesota
Minneapolis, Minnesota
Disclosures: None.

Reza Talaie, MD
Instructor of Radiology
Department of Radiology
University of Minnesota
Minneapolis, Minnesota
Disclosures: None.

Siobhan Flanagan, MD
Assistant Professor
Department of Radiology
University of Minnesota
Minneapolis, Minnesota
Disclosures: None.

Jafar Golzarian, MD
Professor of Radiology and Surgery
Division Chief, Interventional Radiology
Department of Radiology
University of Minnesota
Minneapolis, Minnesota
Disclosures: None.


