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Introduction 

Percutaneous transhepatic obliteration (PTO) had been used for the treatment of 

bleeding varices since early 1970’s and predated the TIPS era.(1) Although classical PTO 

could obtain initial hemostasis, high rates of recurrence or rebleeding could occur.(2) 

Therefore, less invasive treatment option of endoscopic sclerotherapy or band ligation 

became the first-line treatment. In classical PTO, several embolic materials including 

coils, gelatin sponge, and cyanoacrylate have been introduced into the afferent gastric 

vein. It is difficult to obtain sufficient filling with embolic agents introduced from the 

afferent gastric vein in the entire varices. This will result in the regrowth of the 

residual varices with development of a collateral supply. Recently, modified PTO 

(m-PTO) techniques have developed to obtain sufficient variceal filling with 

embolic/sclerosing agents.(3) These techniques showed high technical success rates 

with complete obliteration of varices with lower recurrence rates in gastroesophageal 

varices.(3,4) The m-PTO technique is now a good treatment option for the treatment of 

gastric varices (GV) which is difficultly treated by balloon-occluded retrograde 

transvenous obliteration (BRTO). The classical and m-PTO techniques have been applied 

for the treatment of the ectopic varices (ECV) including duodenal, rectal, and stomal 

varices.(5) 

In many countries when endoscopy fails to control gastric variceal bleeding, a 

transjugular intrahepatic portosystemic shunt (TIPS) traditionally is performed as 

portal decompression since 1989.(6) However, TIPS has not shown the same 

effectiveness in controlling gastric variceal bleeding that it has with esophageal 

variceal bleeding.(7,8) For the past 2 decades, BRTO has become common in Japan for 

the management of GV.(9-19) BRTO has been effective in controlling gastric variceal 

bleeding with low rebleed rates.(8) BRTO has many advantages over TIPS in that it is 

less invasive and can be performed on patients with poor liver function and those with 

encephalopathy (and may even improve both).(7,8) However, its secondary product is 

occlusion of a spontaneous hepatofugal shunt, BRTO causes an increase in portal 

hypertension, with potential aggravation of esophageal varices and ascites.  

This lecture includes the concept, technique, and outcomes of PTO and BRTO for the 

management of GV, hepatic encephalopathy (HE) and ECV owing to portal hypertension. 

 

 



32. Percutaneous transhepatic obliteration (PTO) and Balloon-occluded retrograde transvenous 

obliteration (BRTO)  (Hiroki Minamiguchi, MD) 

 

How to manage GV 

Alternative routes for transvenous obliteration can be classified into (A), portal 

venous access routes and (B), systemic venous access routes. The portal venous 

approach to transvenous obliteration is called balloon-occluded antegrade transvenous 

obliteration (BATO) and is a collective definition, including (1)-PTO, (2)-through an 

existing TIPS(Trans-TIPS), and (3)-trans-iliocolic vein obliteration (TIO). PTO is 

usually from necessity; however, trans-TIPS approach is usually used because of the 

low-risk access route. TIO is rarely resorted to and almost always is utilized as an 

access for mesenteric varices/ECV.(20)  

Transvenous obliteration of GV (with duodenal and mesenteric varices being similar) 

can be performed from the systemic venous side (draining veins/shunts) or from the 

portal venous side (portal afferent feeders). Balloon-occluded transvenous obliteration 

from the systemic veins is referred to as BRTO, and balloon-occluded transvenous 

obliteration from the portal veins is referred to as BATO.(20) 

With the advent of BRTO in the early 1990s, it has been used as a second choice 

approach or an adjunct to the traditional transrenal BRTO approach. 

From a technical application standpoint, the first choice of access/approach for 

balloon-occluded transvenous obliteration of GV is the traditional transrenal route 

(BRTO).(10-12,21) 

In general, BATO (m-PTO) is considered an adjunct or an alternative to BRTO when 

BRTO fails completely or partially in obliterating the GV.(20,22) 

These technically challenging cases include failed gastrorenal shunt catheterization, 

failed occlusion of gastrorenal shunt due to large gastrorenal shunt (larger than 

balloon-occlusion catheter), and duplicated gastrorenal shunts/numerous venous 

collaterals with inability to occlude the gastric variceal system in its entirety.(20,23) 

 

Techniques of PTO 

The techniques of percutaneous transhepatic puncture of the portal venous branch 

are similar to those of percutaneous transhepatic biliary drainage. Under 

ultrasonographic (US) guidance, a 20-18G needle is advanced into the right  branch or 

umbilical portion of portal vein. After confirming to puncture a portal branch, a 

0.035-inch guide wire is advanced further to the main portal vein. Then, the outer 

plastic tube is exchanged to the 5F angiographic sheath. After superior mesenteric or 

splenic venous portography and selective angiography of the target branches are 

performed for evaluate the anatomical and hemodynamic feature of the lesions, a 5F 

occlusion balloon is often used to control the blood flow during embolization procedure, 

which allows the stagnation of the embolic/ sclerosing agents in the target vessels 

and/or varices. Various sclerosing agents and embolic materials including EO, 

polidocanol, glue (cyanoacrylate-lipiodol mixture), and coils has been used. Any embolic 

materials are generally effective for occlusion of the shunt, however, successful and 
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stable obliteration of varices requires sclerosing agents or glue filling entirely the 

varices. For this purpose, liquid sclerosing/embolic agents should be injected in the 

varices or close to the varices under flow control by occlusion balloon and/or after coils 

embolization of the afferent and drainage vein. When the varices are supplied from 

multiple afferent veins, some of which should be occluded with coils before the 

injection of the sclerosing/embolic agent into the varices. After embolization 

procedure, portography is performed to evaluate the obliteration of the varices or 

shunt and portal venous hemodynamics including portal venous flow and collaterals. Then, 

the catheter and sheath are withdrawn with embolizing the puncture tract in the 

hepatic parenchyma with coils, gelform and/or glue.  

 

Techniques of BRTO 

The BRTO procedure is an endovascular technique that causes occlusion of outflow 

portosystemic shunt, such as a gastrorenal shunt, using an occlusion balloon followed by 

the endovascular injection of a sclerosing agent directly into the gastro-variceal 

system.(10-12) The gastro-variceal system is a collective term for the gastrorenal shunt 

and the gastric or gastroesophageal varices. Balloon occlusion is used to for two 

technical reasons: (1) occlusion of the gastrorenal shunt so that retrograde venography 

can be performed to visualize the gastric-variceal system and (2) to adjust flow and 

cause stagnation of the sclerosant within the gastric-variceal system without reflux of 

the sclerosant into either the portal or systemic vasculature.(7,9) Stagnation in the flow 

is helpful to maximize sclerosant dwelling time to achieve maximal effect of the 

sclerosant on the gastro-variceal system endothelial lining, leading to thrombosis and 

subsequent scarring of the system. As can be concluded, stagnation of flow is essential 

to the BRTO procedure.(8,24) 

Unconventional routes have also been described; transcaval, trans-phrenic, 

trans-pericardiac, trans-iliocolic, trans-gonadal, and trans-azygous approaches.(25)  

Vascular Access 

Percutaneous venous access of the femoral or internal jugular vein using standard 

Seldinger technique is performed with placement of a 8-10F sheath. Most IRists prefer 

to use a right femoral vein approach; however, some operators have adopted the jugular 

vein approach exclusively.(26) 

Shunt Catheterization 

In Japan, catheterization of the gastrorenal shunt via the left renal vein is 

typically accomplished using catheters with mounted occlusion balloon that are 

specifically designed for the BRTO procedure. Reversed-shaped balloon catheters that 

provide effortless and stable access into the gastrorenal shunt are available in 

Japan.(27) 
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Shunt Occlusion 

The occlusion balloon, with the compliant balloon mounted on the catheter, is sized 

to occlude the draining gastrorenal shunt. The shunt can be occluded at any point where 

there is a narrowing within the gastrorenal shunt; occlusion does not need to occur at 

the confluence of the shunt and the left renal vein. 

Balloon-occluded Retrograde Venography 

Balloon-occlusion venography is performed to define the type of gastric variceal 

system and determine the anatomy of venous drainage. The cases are classified 

according to the venous drainage pattern.(11,12) In general, the operator attempts to 

opacify the whole gastric-variceal system with its afferent (portal venous supply) and 

any efferent (systemic draining veins) veins that decompress the system. 

Identification of the afferent vessels (portal venous supply) is to familiarize the 

operator with the “the point of no return” where sclerosant injection is stopped just 

before overspill occurs into the portal venous system.(27) 

Sclerosant Injection 

The aim during sclerosant injection is to fill the entire gastric-variceal system so 

that no varices remain and no unnecessary portosystemic connections are left for the 

system to revascularize. The embolization end point is minimal filling of the afferent 

portal vasculature that was previously identified during balloon-occluded retrograde 

venography. Injection of a sclerosing agent can be performed with or without use of a 

microcatheter.(28) I do suggest advancing a microcatheter, if feasible, through or 

adjacent to the balloon-occlusion catheter as deeply as possible into the 

gastric-variceal system.(28) From this viewpoint, a new coaxial balloon catheter system 

for BRTO was developed.(29) This allows an even distribution of sclerosant in the system 

for optimal sclerosis effect.(28) 

Numerous sclerosing agents can be used and have been described. These agents 

include 5% EOI which mixed 10% ethanolamine oleate (EO) and the same amount of 

Iopamidol as sclerosant.(9,10,24) 3% STS , and Polidocanol. All agents can be used in liquid 

(sometimes in foam). In addition, liquid sclerosants such as N-butyl-cyanoacrylate and 

absolute ethanol have also been used.(30) EO is the traditional agent used for BRTO and 

is still the agent of choice in Asia.(10,31) EO causes hemolysis in the blood vessels; as a 

result, free hemoglobin is released, which may cause renal tubular disturbances and 

acute renal failure. To prevent renal insufficiency, 2000 to 4000 U of haptoglobin is 

routinely administered intravenously during the BRTO to chelate the circulating free 

hemoglobin to minimize its nephrotoxic effects.(11,12)  

Once the entire gastric-variceal system is filled with sclerosant, I recommend 

performing an angio-CT or cone-beam CT to ensure that the entire system is filled with 

sclerosant, especially all the GV proper.  
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Sclerosant Dwell Time (Balloon Dwell Time) 

The occlusion balloon is left inflated for 4 to 24 hours. This protocol has been 

adopted for logistical reasons, such as cost concerns (patients stay overnight in 

monitored beds), patient comfort, and reducing the infection risk of indwelling 

catheters tethered at skin sites.(30) Therefore plug-assisted retrograde transvenous 

obliteration (PARTO) or coil-assisted retrograde transvenous obliteration (CARTO) are 

recently reported for solving these problems.(32,33) 

The most common cause of technical failure is likely a complex multicollateral 

gastrorenal system with the consequent inability to fully opacify and sclerose the 

GV.(14-18,25)  

The aggravation of nongastric (esophageal or duodenal) varices appears to be a 

major problem following BRTO and reflects postprocedural increased portal 

hypertension.(24,34,35) This effect varies widely, probably depending on the degree of 

vigilance, documentation, and thoroughness of follow-up endoscopy. 

The greatest advantages of BRTO are its preservation of liver function and its 

reduction in the risk of HE.(7,8) In fact, one of the indications for BRTO is HE with the 

presence of a gastrorenal or gastro-splenorenal shunt.(14,28) 

BRTO has a protective long-term role in preserving liver function and protecting the 

liver from “portosystemic shunt syndrome.”(17) 

 

Endovascular management for ectopic varices 

Although uncommon, ECV can involve any other part of GI tract and challenging for 

IRists to manage.The term ECV has been used to describe variceal veins other than 

those found in the esophagus and stomach. ECV are sometimes observed in the 

duodenum, small intestine, colon, rectum, peristomal, peritoneum, umbilicus. 

Duodenal varices: The afferent vessel originates either from the SMV or from the 

portal vein trunk via either superior or inferior pancreaticoduodenal vein. The efferent 

vein drains into IVC via gonadal vein. These can be treated by BATO including PTO 

(m-PTO), BRTO, DBOE (dual balloon-occluded embolotherapy) according to the 

vasculature.  

Rectal varices: These result from communication between the superior rectal vein 

(draining into portal vein via IMV) and the middle or inferior rectal vein that drains into 

IVC via internal iliac veins. These can be mostly treated by BATO including PTO 

(m-PTO), or balloon-occluded antegrade transvenous sclerotherapy (BATS) (36) 

according to the vasculature. BRTO is effective in selected case such as their draining 

vein is simple and accessible.. 

Stomal varices; Develop in the mucocutaneous junction of a stoma in patients with 

coexisting portal hypertension. These can be treated by BATO (BATS) including PTO 

(m-PTO) according to the vasculature. 

 



32. Percutaneous transhepatic obliteration (PTO) and Balloon-occluded retrograde transvenous 

obliteration (BRTO)  (Hiroki Minamiguchi, MD) 

 

Conclusion 

BRTO has shown considerable effectiveness for obliteration of gastric fundal 

varices and portosystemic shunt which may cause hepatic encephalopathy. 

BATO including m-PTO is also reliable for obliteration of some of portosystemic 

shunt and the varices especially for the cases difficult to treat by BRTO or other RTOs. 

Selection of these techniques should be chosen by each individual based on anatomic 

and vasculature. 

With the increasing experience of endovascular treatment, the management will be 

tailored to patient anatomy, clinical features of portal hypertension, and hepatic 

reserve. 

 

References 

1)  Lunderquist A, Vang J. Transhepatic catheterization and obliteration of the 

coronary vein in patients with portal hypertension and esophageal varices. N Engl J 

Med 1974; 291:646-649. 

2)  Smith-Laing G, Scott J, Long RG, Dick R, Sherlock S. Role of percutaneous 

transhepatic obliteration of varices in the management of hemorrhage from 

gastroesophageal varices. Gastroenterology 1981; 80:1031-1036. 

3)  Kiyosue H, Matsumoto S, Yamada Y, Hori Y, Okino Y, Okahara M, et al. Transportal 

intravariceal sclerotherapy with N-butyl-2cyanoacrylate for gastric varices. J 

Vasc Interv Radiol 2004;15:505-509. 

4)  Tian X, Wang Q, Zhang C, et al. Modified percutaneous transhepatic variceal 

embolization with 2-octylcyanoacrylate for bleeding gastric varices: longterm 

follow-up outcomes. AJR 2011; 197:502–509. 

5)  Macedo TA, Andrews JC, Kamath PS. Ectopic varices in the gastrointestinal tract: 

short- and long-term outcomes of percutaneous therapy. Cardiovasc Intervent 

Radiol 2005; 28:178–184. 

6)  Richter GM, Palmaz JC, Nöldge G et al. [The transjugular intrahepatic 

portosystemic stent-shunt. A new nonsurgical percutaneous method] Radiologe. 

1989 Aug;29(8):406-11. German. 

7)  Saad W EA, Darcy M D. Transjugular intrahepatic portosystemic shunt (TIPS) 

versus balloon-occluded retrograde transvenous obliteration (BRTO) for the 

management of gastric varices. Semin Intervent Radiol. 2011;28:339–349. 

8)  Saad W EA, Sabri S S. Balloon-occluded retrograde transvenous obliteration 

(BRTO): technical results and outcomes. Semin Intervent Radiol. 2011;28:333–338. 

9)  Saad W EA. The history and evolution of balloon-occluded retrograde transvenous 

obliteration (BRTO): from the United States to Japan and back. Semin Intervent 

Radiol. 2011;28:283–287. 

10)  Kanagawa H, Mima S, Kouyama H, Gotoh K, Uchida T, Okuda K. Treatment of gastric 

fundal varices by balloon-occluded retrograde transvenous obliteration. J 



32. Percutaneous transhepatic obliteration (PTO) and Balloon-occluded retrograde transvenous 

obliteration (BRTO)  (Hiroki Minamiguchi, MD) 

 

Gastroenterol Hepatol. 1996;11(1):51–58.  

11)  Kiyosue H, Mori H, Matsumoto S, Yamada Y, Hori Y, Okino Y. Transcatheter 

obliteration of gastric varices. Part 1. Anatomic classification. Radiographics. 

2003;23(4):911–920.  

12)  Kiyosue H Mori H Matsumoto S Yamada Y Hori Y Okino Y Transcatheter 

obliteration of gastric varices: Part 2. Strategy and techniques based on 

hemodynamic features Radiographics 2003234921–937. 

13)  Ninoi T, Nishida N, Kaminou T. 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(4):1340–1346. 

14)  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(3):327–336.  

15)  Sonomura T, Sato M, Kishi K. et al. Balloon-occluded retrograde transvenous 

obliteration for gastric varices: a feasibility study. Cardiovasc Intervent Radiol. 

1998;21(1):27–30. 

16)  Koito K, Namieno T, Nagakawa T, Morita K. Balloon-occluded retrograde 

transvenous obliteration for gastric varices with gastrorenal or gastrocaval 

collaterals. AJR Am J Roentgenol. 1996;167(5):1317–1320. 

17)  Kumamoto M, Toyonaga A, Inoue H. et al. Long-term results of balloon-occluded 

retrograde transvenous obliteration for gastric fundal varices: hepatic 

deterioration links to portosystemic shunt syndrome. J Gastroenterol Hepatol. 

2010;25(6):1129–1135. 

18)  Hirota S, Matsumoto S, Tomita M, Sako M, Kono M. Retrograde transvenous 

obliteration of gastric varices. Radiology. 1999;211(2):349–356. 

19)  Cho S K, Shin S W, Lee I H. et al. Balloon-occluded retrograde transvenous 

obliteration of gastric varices: outcomes and complications in 49 patients. AJR Am 

J Roentgenol. 2007;189(6):W365-72.  

20)  Saad WE, Sze DH. Variations of balloon-occluded transvenous obliteration (BRTO): 

Balloon-occluded antegrade transvenous obliteration (BATO) and 

alternative/adjunctive routes for BRTO Semin Interv Radiol, 2011;28:314-324. 

21)  Olson E, Yune HY, Klatte EC. Transrenal-vein reflux ethanol sclerosis of 

gastroesophageal varices AJR Am J Roentgenol. 1984;143:627-628. 

22)  Ninoi T, Nakamura K, Kaminou T, et al. TIPS versus transcatheter sclerotherapy 

for gastric varices AJR Am J Roentgenol. 2004;183:369-376. 

23)  Saad WE, Sabri SS. Balloon-occluded transvenous obliteration (BRTO): Technical 

results and outcomes: Management of gastric varices: Endoscopic, BRTO, and TIPS 

Semin Interv Radiol. 2011;28:333-338. 

24)  Kobayakawa M, Kokubu S, Hirota S. et al. Short-Term Safety and Efficacy of 

Balloon-Occluded Retrograde Transvenous Obliteration Using Ethanolamine 



32. Percutaneous transhepatic obliteration (PTO) and Balloon-occluded retrograde transvenous 

obliteration (BRTO)  (Hiroki Minamiguchi, MD) 

 

Oleate: Results of a Prospective, Multicenter, Single-Arm Trial. J Vasc Interv 

Radiol. 2017 Aug;28(8):1108-1115. 

25)  Araki T, Hori M, Motosugi U. et al. Can balloon-occluded retrograde transvenous 

obliteration be performed for gastric varices without gastrorenal shunts? J Vasc 

Interv Radiol. 2010;21(5):663–670. 

26)  Chikamori F, Kuniyoshi N, Kawashima T, Takase Y. Gastric varices with gastrorenal 

shunt: combined therapy using transjugular retrograde obliteration and partial 

splenic embolization. AJR Am J Roentgenol. 2008;191(2):555–559. 

27)  Saad WE. Balloon-occluded retrograde transvenous obliteration of gastric varices: 

concept, basic techniques, and outcomes. Semin Intervent Radiol. 2012 

Jun;29(2):118-28. 

28)  Sonomura T, Horihata K, Yamahara K. et al. Ruptured duodenal varices successfully 

treated with balloon-occluded retrograde transvenous obliteration: usefulness of 

microcatheters. AJR Am J Roentgenol. 2003;181(3):725–727. 

29)  Tanoue S, Kiyosue H, Matsumoto S. et al. Development of a new coaxial balloon 

catheter system for balloon-occluded retrograde transvenous obliteration (B-RTO). 

Cardiovasc Intervent Radiol. 2006 Nov-Dec;29(6):991-6. 

30)  Sabri SS, Saad WE. Balloon-occluded retrograde transvenous obliteration (BRTO): 

technique and intraprocedural imaging. Semin Intervent Radiol. 2011;28:303–313. 

31)  Yamagami T, Kato T, Hirota T, Yoshimatsu R, Matsumoto T, Nishimura T. Infusion 

of 50% glucose solution before injection of ethanolamine oleate during 

balloon-occluded retrograde transvenous obliteration. Australas Radiol. 

2007;51(4):334–338.  

32)  Park JK, Cho SK, Kee S et al Vascular plug-assisted retrograde transvenous 

obliteration of portosystemic shunts for refractory hepatic encephalopathy: a case 

report.Case Rep Radiol. 2014;2014:391420.  

33)  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 Oct 2;5:e61. 

34)  Tanihata H, Minamiguchi H, Sato M. et al. Changes in portal systemic pressure 

gradient after balloon-occluded retrograde transvenous obliteration of gastric 

varices and aggravation of esophageal varices. Cardiovasc Intervent Radiol. 

2009;32(6):1209–1216. 

35)  Choi Y S, Lee J H, Sinn D H. et al. Effect of balloon-occluded retrograde 

transvenous obliteration on the natural history of coexisting esophageal varices. J 

Clin Gastroenterol. 2008;42(9):974–979. 

36)  Minamiguchi H, Kawai N, Sato M. et al. Successful treatment of endoscopically 

unmanageable rectal varices by balloon-occluded antegrade transvenous 

sclerotherapy followed by microcoil embolization. J Vasc Interv Radiol. 2013 

Sep;24(9):1399-403. 


