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injected through the 5 Fr catheter. Once there was adequate 
stasis in the varices, the plug was deployed, and the 5 Fr cath-
eter was withdrawn (►Fig. 3A-E).

Post-BRTO Follow-Up
All patients underwent a CECT after 24 hours of BRTO/PARTO 
to assess for thrombosis of varices (►Figs. 2D and 3F). Clinical 
success was defined as nonrecurrence of bleeding from GVs.

The patients who underwent BRTO for acute/chronic 
bleeding were followed for any episodes of rebleed, and 
endoscopy was performed 1-month postprocedure. CT scan 
were done for all patients at 3 months with regular clinical 
follow-up at 3, 6, 12 months and beyond. For a single patient 
undergoing BRTO for hepatic encephalopathy, serum ammo-
nia levels were evaluated at 3 months, 6 months, and 1 year.

Complications were defined as per the Society of 
Interventional Radiology (SIR) guidelines.5 Minor complica-
tions were defined as those requiring minimal or no therapy. 
Major complications were defined as those requiring pro-
longed hospital stay or leading to irreversible adverse sequelae.

Statistical Analysis
The probability of overall survival rates, ascites-free survival 
rates, and bleed-free survival rates were estimated using the 
Kaplan–Meier method. Statistical analysis was performed 

using the statistical package SPSS 21.0 for Windows (SPSS 
Inc., Chicago, IL, USA). The pooled estimates of technical suc-
cess and 1-year overall survival rates were calculated using  
R software (R: A language and environment for statistical 
computing, https://www.R-project.org/).

Results
A technically successful procedure could be performed in all 
but two cases (technical success rate 14/16; 87.5%). One of 
the failed cases was later managed by endoscopic glue injec-
tion 3 days post-BRTO attempt. The other case did not agree 
for any further endoscopic/vascular procedure. However, on 
telephonic follow-up at 3 months, he did not have any recur-
rence of GI bleeding.

Eleven patients required embolization of collateral veins 
with gelfoam slurry to prevent the runoff of the sclero-
sant into the systemic circulation. One patient required 
embolization of the collaterals (►Fig.  4) with coils (Cook 
Medicals, USA).

The 24-hour postprocedure CT showed significant 
regression/complete thrombosis in 13/14 completed proce-
dures (thrombosis rate of 92.9%). One patient had a bout of 
massive hematemesis 2 hours after completion of a success-
ful BRTO which was fatal. Probably, he had rebleed due to 
the increased pressure within the varices (due to occlusion 
of GRS which is the efferent for varices by the balloon) before 
adequate thrombosis could take place.

Follow-up CT at 3 months postprocedure in 13/14 surviving 
patients following a successful procedure showed no recanal-
ization of GVs. No patient in this group reported any recur-
rence of GI bleeding in the follow-up period. However, one 
patient (1/14) developed EVs which were managed by pro-
phylactic endoscopic banding. Further, two patients devel-
oped mild increase in ascites (one of them is the patient 
mentioned above, who required banding for EVs). However, 
they were managed medically.

The single patient who underwent BRTO for refractory HE 
showed a decrease in serum ammonia from a preprocedure 
value of 155 µ/dL to 33 µ/dL at 1-month postprocedure. Also, 
no recurrence of HE was noted.

The 3-, 6-, 9- and 12-month probability of overall sur-
vival rates were 87.5%, 80.8%, 80.8% and 80.8%, respectively. 
In the same time period, probability of ascites-free survival 
rates were 92.3%, 82.1%, 82.1% and 82.1%, respectively, and 
bleed-free survival rates were 87.5%, 87.5%, 87.5% and 87.5%, 
respectively. ►Fig.  5 shows the Kaplan–Meier curves for 
these parameters.

Two patients had an intraprocedure rupture of GRS, which 
was recognized as extravasation of contrast material into the 
retroperitoneal space. However, the procedure could be com-
pleted successfully in both these patients with no intraproce-
dure hemodynamic instability or postprocedure morbidity. 
One patient had partial splenic thrombosis in the postproce-
dure CT without any clinical manifestations. ►Table 2 shows 
tips and tricks of BRTO procedure.

Fig. 2  (A) An occlusion venogram after placement of balloon (white 
arrow) in gastrorenal shunt (GRS) shows systemic runoff of contrast 
material into inferior phrenic and pericardiophrenic veins (black long 
arrow) and only partial filling of the gastric varices (GVs) (black short 
arrow). (B) Repeat occlusion venogram after gelfoam injection shows 
no systemic runoff and complete opacification of GVs (comparable 
with the coronal image of preprocedure CT venogram). Preprocedure 
(C) and 24 hours postprocedure (D) coronal CT venogram images 
showing patent and thrombosed GVs, respectively (white arrows).
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Fig. 3  A 37-year-old man presented with acute upper gastrointestinal (GI) bleed and large gastric varices (GVs) on endoscopy. CPS was B7.  
(A) The coronal reconstructed image of the CT portal venous phase showed a very large gastrorenal shunt (GRS) (white arrow) measuring 24 to 
26 mm draining into the left renal vein (LRV) (black arrow). GVs are seen cranially (arrowheads). Note the constriction in the midpart of GRS 
(red arrow). (B) Cannulation of the GRS from a right jugular approach demonstrates the difficult anatomy in the form of the large size and an 
hourglass constriction (black arrow). Left inferior phrenic veins form the systemic runoff (white arrow). (C) Attempts to occlude the shunt using 
a 27 mm Equalizer balloon failed with the balloon falling into the LRV (black arrow). (D) The shunt was cannulated using a right femoral vein 
approach and a 10 Fr sheath advanced with its tip (arrow) beyond the constriction. (E) A 24 mm Amplatzer Vascular Plug II was deployed in the 
GRS with its upper disc being above the constriction. Gelfoam slurry and STS was injected using the 5 Fr catheter present by the side of the plug 
till stasis was achieved. The plug was deployed in this position. (F) 24-hour CT study shows thrombosis and air foci within the GRS (black arrow).

Fig. 4  (A) Initial occlusion venogram shows the GRS (white arrow) 
with fast systemic runoff into the left inferior phrenic vein (black 
arrow). (B) Coiling of the latter performed using two 3 mm size push-
able coils. (C) Repeat venogram after coiling and gelfoam injection 
show good opacification of the gastric varices (GVs). (D) Sclerosant 
contrast stasis within the GVs.

Table 2   Tips and tricks of BRTO procedure
1. Careful evaluation of CT venogram is required, in case of 

high clinical suspicion and negative conventional endoscopy 
to look for perigastric varices communicating with submu-
cosal varices through perforators.

2. The GVs can be ablated in absence of GRS by identifying the 
efferent channel of GV into the systemic circulation.6,7

3. Significant contrast runoff during occlusion venogram from 
the varices into the systemic circulation require emboliza-
tion before sclerosant injection (Fig. 4A-D).4

4. In the presence of SVT, BRTO should be preceded by SAE to 
decrease the portal inflow.4

5. The GRS lies medial to the AV. Care should be taken while 
advancing wire and injecting contrast to avoid AV injury and 
adrenal hemorrhage.

6. GRS is thin-walled and distended venous channel; therefore, 
care should be taken during manipulation to avoid inad-
vertent injury. In most of the cases, GRS rupture due to wire 
movement is self-limiting without significant retroperitoneal 
hemorrhage, but it may lead to collapse of the GRS.

7. During the injection of the sclerosant, reflux of the contrast 
into the SV and PV must be watched out for and avoided.

Abbreviations: AV, adrenal vein; BRTO, balloon-occluded retrograde 
transvenous obliteration; GRS, gastrorenal shunt; GV, gastric varices; 
PV, portal vein; SAE, splenic artery embolization; SV, splenic vein; SVT, 
splenic vein thrombosis.








