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ABSTRACT

Bleeding gastric varices (GVs) is a life-threatening complication of portal hypertension, with higher
morbidity and mortality rates compared with bleeding esophageal varices (EVs). The endovascular
techniques for the management of GVs are mainly transjugular intrahepatic portosystemic shunt
(TIPS) and transvenous obliteration of the GVs. Transvenous obliteration techniques can be an al-
ternative or an adjunct to TIPS for treatment of GVs, depending on the clinical scenario, and are
less invasive than TIPS. However, these procedures are associated with increased portal pressure
and related complications, mainly worsening of the EVs. In this article, the different techniques of
transvenous obliteration of GVs, their indications, contraindications, and outcomes are discussed.
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pper gastrointestinal bleeding due to gastric varices (GV) in patients with portal hyper-

tension resulting from cirrhosis occurs less frequently than esophageal varices (EVs)

but is associated with higher morbidity and mortality rates. This is due to severe blood
loss, which results from higher rates of rebleeding and bleeding onset at lower pressures than
EV, which are often more difficult to control using traditional endoscopic techniques.’? As per
the American Association for the Study of Liver Disease (AASLD), the initial management of
choice remains endoscopic management, with endovascular treatment reserved for refrac-
tory cases.? The endovascular treatment options for GVs are mainly transjugular intrahepatic
portosystemic shunt (TIPS) and transcatheter obliteration of the GVs.

The TIPS method helps decrease portal pressures by directing blood away from the liver,
which decompresses and controls variceal bleeding. However, diverting blood away from the
liver (hepatofugal flow) can result in worsening of hepatic encephalopathy (HE) and liver fail-
ure, particularly in patients with low hepatic reserve [model for end-stage liver disease (MELD)
score >17-20].** Moreover, GV bleeding occurs at lower pressures than EV, and as Tripathi et
al.® demonstrated, in patients with pre-TIPS portal pressure gradients of <12 mmHg, further
reduction in pressure gradients after performing TIPS does not alter the risk of rebleeding
from GVs.

Transcatheter techniques for the obliteration of GVs present endovascular alternatives/ad-
juncts to TIPS. When transvenous obliteration is carried out via the systemic veins, it is known
as retrograde transvenous obliteration (RTO). The term RTO is a collective term that incorpo-
rates balloon-occluded retrograde transvenous obliteration (BRTO), plug-assisted retrograde
transvenous obliteration (PARTO), and coil-assisted retrograde transvenous obliteration (CAR-
TO). When transvenous obliteration is carried out via the portal vein, it is known as antegrade
transvenous obliteration (ATO). If antegrade obliteration is performed via balloon-occlusion,
vascular plug, or coils, then it is known as balloon-occluded antegrade transvenous oblitera-
tion BATO, PATO, or CATO, respectively. The two most common subtypes of ATO procedures
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include percutaneous transhepatic oblitera-
tion (PTO) and trans-TIPS obliteration (Table
1). In this review, the focus is on different
transvenous obliteration techniques for the
management of GVs, the controversies over
which technique is superior, and the geo-
graphic preferences of one technique over
the other.

Relevant anatomy

Generally, GVs are classified using Sarin’s
classification,? an endoscopic classification
taking into account the location of the GVs
and their relationship to EVs. Gastroesoph-
ageal varices type 1 (GOV1) are EVs that
extend below the cardia into the lesser cur-
vature. These are the most common type, ac-
counting for 75% of cases. GOV2 are EVs that
extend into the fundus and are associated
with the second highest risk of bleeding after
type 1 isolated gastric varices (IGV1), which
are present in the fundus only and are asso-
ciated with the highest risk of bleeding. IG-
V2s are present in the remaining portions of
the stomach (body, antrum, pylorus) and are
the least common type of varices in patients
with cirrhosis. The risk of bleeding is higher
in the presence of a large size, red spots on
endoscopy, high-risk locations (as described
above), and severe liver dysfunction (higher
Child-Pugh grade).” Overall, IGV1 and GOV2
are the main types of GVs that are amenable
to RTO procedures.

The afferent veins of GVs are most com-
monly the left gastric vein (LGV) and the pos-
terior gastric vein (PGV), and, less common-
ly, the short gastric vein and gastroepiploic
veins. The varices drain through two dom-
inant pathways, which allow hepatofugal
flow by redirecting blood away from the por-
tal circulation. The most common pathway is
drainage via a gastrorenal shunt (GRS) (80%-—
85%) formed by the inferior phrenic vein
joining the left renal vein at the same drain-
ing point of the left adrenal vein. The second

* Upper gastrointestinal bleeding due to
gastric varices (GVs) is less common than
esophageal varices but is associated with
higher morbidity and mortality.

* Transvenous obliteration techniques are
an important tool in the management of
bleeding GVs with ever-evolving modifica-
tions.

* Understanding the complex anatomy of a
variceal complex is of paramount impor-
tance to achieving both high technical and
clinical success in treating GVs.
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Figure 1. Anatomy of gastric variceal complex. Graphic showing that the afferent veins of GVal complex are
mainly formed by the left gastric vein, posterior gastric vein, and short gastric vein. The efferent system is
formed by the gastrorenal shunt into the left renal vein and less commonly via gastrocaval shunt.

pathway is via a direct gastrocaval shunt, in
which the GVs drain directly into the inferior
vena cava (IVC) via the inferior phrenic vein
or pericardiophrenic vein (Figure 1).2

To guide endovascular interventions,
Kiyosue et al.? classify GVs based on the anat-
omy of their afferent (inflow) and efferent
(outflow/draining) veins (Table 2). An under-
standing of this anatomy is of critical impor-
tance, as technical success in the obliteration
of GVs is related to the anatomy of the varix.
Based on afferent veins, the GVs are divided
into three types (Figure 2). Type | has a single
afferent (inflow) vein, either LGV or PGV, and
is the easiest type to treat via RTO if the ef-
ferent (outflow) veins are occluded, with its
high success rate due to high pressure from
the portal system allowing the sclerosant to
fill the whole variceal complex. Type Il has
two afferent gastric veins, namely, the LGV
and the PGV. During the RTO procedure, it
is important to know that once the efferent
veins are occluded, one of these afferent
veins (LGV or PGV) will act as a draining “ef-
ferent” vein, resulting in the efflux of sclero-
sant into the portal system. Type lll has sin-
gle or multiple afferent veins; however, an
additional gastric vein drains into the shunt
without communication to the varix. Failure
to recognize this type can result in reflux of
sclerosant into the portal system rather than
the GVs. Based on the efferent veins, the GVs
are divided into four types (Figure 3), as de-
scribed in Table 2.°

Preprocedure

Indications

The main indications for transvenous
obliteration of GVs are bleeding GVs refrac-
tory to endoscopic management, prevention
of rebleeding after successful endoscopic
management, refractory HE due to portosys-
temic shunts, and non-tolerance to TIPS.3'0"
The AASLD management recommendations
for GVs are summarized in Table 3.3

Contraindications

The contraindications to transvenous
obliteration of GVs are severe coagulopathy,
refractory ascites, severe liver dysfunction,
and high-risk EVs. In patients with high-risk
EVs, the EVs should be treated endoscopical-
ly prior to treatment with transvenous oblit-
eration of GV. This GV obliteration increases
the portal venous pressure following shunt
occlusion, which can worsen both ascites
and EVs.101213

Imaging

Preprocedural planning is conducted by
performing computed tomography angi-
ography, while magnetic resonance angi-
ography can be considered if the patient is
allergic to iodinated contrast. The role of pre-
procedural imaging is to define the anatomy
of the shunt and varices, assess the diameter
of the GRS, and allow for planning of the ap-
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Table 1. Endovascular techniques for gastric varices

TIPS

Retrograde transvenous obliteration
(via the systemic veins):

- Balloon-occluded retrograde transvenous obliteration
- Plug-assisted retrograde transvenous obliteration
- Coil-assisted retrograde transvenous obliteration

Antegrade transvenous obliteration
(via the portal vein):

«This includes balloon-occluded antegrade transvenous obliteration, plug-assisted antegrade
transvenous, and coil-assisted antegrade transvenous obliteration with the following subtypes:

1. Percutaneous transhepatic obliteration

2. Transjugular intrahepatic portosystemic shunt obliteration

Table 2. Classification of gastric varix based on afferent veins®

Type |
Typell

Type lll

It is supplied by a single afferent (inflow) gastric vein-either LGV or PGV
It is supplied by two afferent gastric veins, namely the LGV and PGV

Itis supplied by a single or multiple afferent veins; however, a separate gastric vein
drains into the shunt without communication to the gastric varices

Classification of gastric varix based on efferent veins

Type A It has a single draining shunt-splenorenal or gastrocaval shunt
Type B It has a single draining shunt with single or multiple collaterals
Type C It has both gastrorenal and gastrocaval shunts

Type D It does not have a shunt and drains via small collaterals

LGV, left gastric vein; PGV, posterior gastric vein.

Type 1

Type 2

Type 3

Figure 2. Classification of gastric varices on the basis of afferent veins. Type | has a single afferent vein, the
left gastric vein in the graphic. Type Il is supplied by two afferent veins: the left gastric vein and posterior
gastric vein. Type Ill has a separate vein draining into the gastrorenal shunt without communication with

the remaining afferents.

proach to cannulating the shunt, while it also
helps identify portal and splenic vein throm-
bosis, as well as the presence of ascites.

Sclerosants

The choice of sclerosant varies among in-
terventionists, with diverse safety profiles of
each agent. Sodium tetradecyl sulfate (STS) is
a commonly used agent in the US, originally
introduced as an alternative to ethanolamine
oleate (EO) for BRTO in 2006. It is an inexpen-
sive agent that acts as a chemical irritant
causing permanent endothelial damage.
The STS foam is made by mixing lipiodol, 3%
STS, and gas (air/carbon dioxide) in a ratio of
1:2:3 mL. Several studies have demonstrat-

ed that the result of BRTO with STS is similar
to that with EO, with lower rates of compli-
cation, reporting a technical success rate of
79%-100% and a rebleeding rate of less than
5%.'*'® Pulmonary edema and portal vein
thrombosis are rarely reported side effects of
STS_17,18

Polidocanol is another sclerosant that has
been used in BRTO. Itou et al.” demonstrated
that the technical success in achieving oblit-
eration of varices using polidocanol foam is
comparable to that of EO with a lower com-
plication rate. In addition, polidocanol was
initially used as a local anesthetic, and is
therefore associated with significant reduc-
tion in pain compared with EO."
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In fact, EO was the initial sclerosant of
choice, particularly in Asia; however, this
agent is associated with hemolysis and re-
lease of free hemoglobin, causing renal
tubular injury and renal failure, while it is
also associated with the following reported
side effects: pulmonary edema, cardiogenic
shock, and disseminated intravascular coag-
ulation.’®2" Haptoglobin (4.000 U), which
binds free hemoglobin, has been used to
reduce the renal toxicity of the EO, but this
is not approved by the Food and Drug Ad-
ministration for use in the US. The sclerosant
mixture is made by mixing 5%-10% EO with
contrast in a ratio of 1:1.

The other agents used are N-butyl-2-cya-
noacrylate glue and Gelfoam. Cyanoacrylate
glue is expensive but an option for emboli-
zing the collaterals, while Gelfoam is cheap,
readily available, and a more familiar agent
among interventional radiologists.?' Jogo et
al.22 demonstrated that the use of GERTO (i.e.,
gelatin and 5% EO iopamidol mixture in RTO)
for the treatment of GVs is associated with
fewer sclerosants and a shorter operative
time compared with conventional BRTO.

Procedures

Balloon-occluded retrograde transvenous
obliteration

This is one of the subtypes of RTO, in which
the left renal vein is cannulated in retrograde
via the jugular or femoral vein, followed by
occlusion of the shunt by a balloon and infu-
sion of sclerosant to occlude the splenorenal
shunt and fundal varices (Figure 4).%% Once
the shunt is occluded by the balloon, a digi-
tally subtracted venography is performed to
assess the type of varix, as well as its venous
drainage.'” The presence of collateral veins
identified via venography may prevent the
complete filling of the shunt; therefore, these
veins are embolized with coils, Gelfoam,
plugs, or glue, as per the size and character-
istics of the collaterals.’®'>?¢ Following em-
bolization of the collateral veins, sclerosant
with a contrast agent is injected into the
varix until it is fully opacified with the bal-
loon inflated. Several researchers advocate
the use of a coaxial microcatheter system for
more selective obliteration of the GVs while
keeping the GRS patent.”” However, a patent
GRS may result in technical failure with recur-
rence of GVs, meaning obliteration of both
GRS and GVs is crucial.®

The end point of embolization is when
minimal filling of the afferent portal branch-
es is noted during balloon occlusion venog-
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Figure 3. Classification of gastric varices on the basis of efferent veins. Type A has a single draining shunt. Type B has a single draining shunt with single or multiple
collaterals. Type C has both gastrorenal shunt and gastrocaval shunt. Type D does not have a shunt and drains via small collaterals.

Table 3. AASLD recommendations

Primary prophylaxis for gastric varices

« The recommendations for primary prophylaxis for GOV1 are similar to those for esophageal varices,
which include either NSBBs or EVL

- In patients with IGV1, NSBBs can be considered for primary prophylaxis; however, the evidence is not
as strong

+ Neither TIPS nor transvenous obliteration (BRTO and its variations) are recommended for primary
prophylaxis of IGV1

Acute gastric variceal hemorrhage

- The initial management of choice for bleeding GOV1 is endoscopy with either EVL or cyanoacrylate
injection

- TIPS is the management of choice for bleeding cardiofundal varices (GOV2 and IGV1)

« TIPS or BRTO are first-line treatments in the prevention of rebleeding in patients who have recovered
from GOV2 and IGV1 bleeding

AASLD, American Association for the Study of Liver Disease; GOV1, gastroesophageal varices type 1; NSBBs, non-
selective beta-blockers; EVL, endoscopic variceal ligation; IGV1, type 1 isolated gastric varices; TIPS, transjugular
intrahepatic portosystemic shunt; GOV2, gastroesophageal varices type 2; BRTO, balloon-occluded retrograde
transvenous obliteration.
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Figure 4. Balloon-occluded retrograde transvenous obliteration (BRTO). Graphic shows a BRTO procedure
for gastric varices that drain via the gastrorenal shunt. A balloon catheter is inserted into the outlet of the
gastrorenal shunt (in this drawing) or gastrocaval shunt via femoral venous access. Following balloon-
occluded venography, sclerosant is then infused through the balloon catheter to fill the entire variceal
complex.

raphy. Treatment failure can occur if the scle-
rosant volume is insufficient to fill the entire
variceal complex. Here, the balloon remains
inflated while the patient is transferred to the
intensive care unit. The duration of balloon
inflation time is highly variable and ranges
from 4 to 24 hours before the patient is re-
turned to the interventional radiology suite
for the deflation of the balloon.'®'*? Given
the high level of care required for patients
undergoing BRTO post-balloon inflation, this
procedure has fallen out of favor in the US.
Waguri et al*3° demonstrated that BRTO
combined with partial splenic embolization
may help diminish the increase in portal
pressures after BRTO, thereby reducing the
exacerbation of EVs.

Plug-assisted retrograde transvenous oblit-
eration

This subtype of RTO involves deployment
of a permanent vascular plug in the efferent
limb of the GRS (Figure 5) and was first de-
scribed by Gwon et al."” Much like BRTO, the
procedure involves retrograde cannulation
of the left renal vein by the internal jugular or
femoral vein following placement of an 8-10
Fr sheath. The GRS is then selected using an
angled catheter (Simmons, Cobra), and ve-
nography is performed to assess the anatomy
of the variceal complex and evaluate the nar-
rowest part of the shunt. This is followed by
placement of access sheath into the GRS and
advancing a 0.035" guidewire through the
sheath into the varix. A vascular plug that is
15%-30% larger than the narrowest portion
of the shunt is then deployed (not released)
into the narrowest portion of the shunt.?
A 4 Fr catheter is then advanced over guide-
wire into the GV, and slow retrograde venog-
raphy is performed after waiting 5-10 min
for occlusion of the shunt. If additional collat-
erals are identified via venography, these are
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Figure 5. Vascular plug-assisted retrograde transvenous obliteration. A 68-year-old female with cirrhosis
presented with upper gastrointestinal bleed and type 1 isolated gastric varices on endoscopy. A contrast-
enhanced axial CT image (a) prior to the procedure showing fundal gastric varices (black*). Fluoroscopic
images (b, c¢) showing vascular plug placement in the left adrenal vein (white arrow) via the right femoral
vein access site with embolization of the gastrorenal shunt and fundal varices (white*) using a thick slurry of
Gelfoam mixed with saline and contrast. Contrast-enhanced axial CT image (d) after the procedure showing
complete obliteration of the fundal varices. CT, computed tomography.

Table 4. Comparison of RTO and ATO techniques

« High technical and clinical success rates

« Long procedure times (40-360 min in BRTO with EO and 90-163 min in BRTO with STS)"”
« Requires indwelling balloon occlusion (4-24 hours)

« Requires higher level (ICU) monitoring before bringing patient back for balloon deflation
« Balloon can rupture with potential systemic dissemination of sclerosing agent

BRTO

embolized with either Gelfoam or coils via a 4
Fr or coaxial microcatheter. A Gelfoam slurry
is then infused through the 4 Fr catheter into
the variceal complex. Once the Gelfoam slur-
ry is delivered, the catheter is removed and
the vascular plug is detached (released). The
Gelfoam slurry is made by mixing a hand-cut
Gelfoam sheet with contrast media, while a
mixture of Gelfoam with a sclerosant (STS)
has also been used.??

Coil-assisted retrograde transvenous oblit-
eration

This subtype of RTO involves placement
of coils and Gelfoam slurry instead of using
balloons or plugs. It was first described by
Lee et al.*®* and is a useful alternative in pa-
tients where the size of the shunt, angle of
the shunt, and tortuosity of the vessel are
not favorable to either BRTO or PARTO. There
are two subtypes of CARTO procedure. The
CARTO-I procedure involves placement of
an access sheath in the efferent limb of the
GRS (no balloon catheter). Here, two micro-
catheter systems are used, with one micro-
catheter placed proximally at the narrowest
part of the GRS, and the second advanced
upstream into the GV. Using the microca-
theter placed in the GRS, multiple coils are
deployed to completely occlude the shunt.
Following embolization of the GRS, Gelfoam
slurry or STS is injected through the micro-
catheter into the varix. CARTO-II follows the
same steps as BRTO with placement of a bal-
loon catheter into the efferent limb of GRS.
This is followed by infusion of sclerosant into
the variceal complex, followed by deploy-

- Potential toxicity of sclerosing agents (pulmonary embolism, hemoglobinuria, renal failure, pulmonary edema, DIC)

« High technical and clinical success rates
- Shorter procedure times (20-68 min)*
« Does not require balloon occlusion or higher level monitoring
PARTO - Coil embolization of small collateral veins is not required in all cases
« Recurrence of gastric varices may be higher compared with BRTO"”
- Limited by GR shunt angle
- Limited by GR shunt size (shunts of >18 mm are not routinely occluded)?

« High technical and clinical success rates

« Intermediate procedure time 132-168 min compared with 20-68 mins in PARTO?*3*
« Does not require balloon occlusion or higher level monitoring

- Itis not limited by GR shunt angle or size (can be used in shunts up to 25-30 mm)*

CARTO

« It is useful in patients with no GR shunt
ATO « It is useful in patients with TIPS
« It can be performed via TIPS or via percutaneous transhepatic access

RTO, retrograde transvenous obliteration; ATO, antegrade transvenous obliteration; BRTO, balloon-occluded retrograde transvenous obliteration; EO, ethanolamine oleate; STS,
sodium tetradecyl sulfate; ICU, intensive care unit; DIC, disseminated intravascular coagulation; PARTO, plug-assisted antegrade transvenous obliteration; GR, gastrorenal; CARTO,

coil-assisted retrograde transvenous obliteration, TIPS, transjugular Intrahepatic portosystemic shunt.

1 50 « January 2023 - Diagnostic and Interventional Radiology

Masood et al.



Catheter

Right Gastric varix

hepatic vein

TIPS Short

gastric vein

Spleen

Posterior
gastric vein

Portal vein

Splenic vein

\

Superior Left kidney

mesenteric vein Left renal

vein

&

Inferior vena cava
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Figure 7. Balloon-occluded antegrade transvenous obliteration (BATO). Subtype: percutaneous transhepatic
obliteration. BATO involves embolization of the varices from the portal venous side. The graphic shows a
subclassification of the BATO procedure known as percutaneous transhepatic obliteration, in which the
portal vein, and subsequently the portal venous side of varices, is accessed percutaneously.

ment of multiple metallic coils into the GRS
via a balloon catheter. The balloon catheter
is then removed approximately 30 min after
injection of the sclerosant.>*

Antegrade transvenous obliteration

This procedure involves transvenous
obliteration of GVs via portal venous access
(antegrade) rather than the systemic venous
access (retrograde) used in RTO procedures.
This can be achieved by using balloon-occlu-
sion (BATO), coils (CATO), or plugs (PATO). The

procedure can be used as an adjunct to RTO
procedures or as an alternative procedure in
treating GVs without a GRS.** The two most
common subtypes of the ATO procedure are
PTO and trans-TIPS obliteration (Figures 6,
7), with the former involving accessing the
portal vein using a micropuncture technique
under real-time ultrasound guidance. Once
access is achieved, the needle is exchanged
for a sheath of adequate size (5-7 Fr) to ac-
commodate most occlusion balloons, coils,
or plugs. A venogram is performed to delin-
eate the anatomy. In BATO, if multiple affer-
ent veins are present, the largest vein is left
for balloon occlusion, while the small affer-
ent veins are occluded using coils or vascular
plugs. Once the small veins are embolized,
the largest vein is then occluded by a balloon
catheter, with subsequent steps of sclerosant
injection into the varix similar to that of a
standard BRTO procedure. In the trans-TIPS
approach, the varices are accessed using the
pre-existing TIPS, with the remaining steps
similar to those of PTO. The advantage of this
approach is that it involves no new access,
which minimizes the risk of vascular and bil-
iary injury, while the disadvantages include
being an invasive route, being time consum-
ing, and involving long and indirect access to
the GVs.323%

Post-procedure

Immediate complications

Minor periprocedural complications in-
clude access site bleeding and hematoma,
access site infection, and pain. Additional
transient complications include low-grade
fever, hypertension, nausea and vomiting,
abdominal and back pain.* Major complica-
tions include renal failure, pulmonary embo-
lism, and venous thrombosis involving the
portal vein, splenic vein, IVC, renal and iliac
veins. A major complication specific to BRTO
is related to balloon rupture and subsequent
systemic dissemination of the embolic agent,
which can cause hemoglobinuria, renal
failure, and pulmonary embolism. Balloon
rupture with embolization of the sclerosing
material to the pulmonary arteries is a po-
tentially fatal complication. Balloon rupture
occurs in 2.3%-8.7% of BRTO procedures.?”*
Complications specific to the type of scleros-
ing agent used are mentioned in the “sclero-
sant” section above.

Delayed complications

The RTO procedures redirect blood flow
to the liver (increased hepatopetal flow),
which increases portal pressure and its re-
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lated complications, such as EVs, ascites, and
portal gastropathy. In terms of BRTO, EV ex-
acerbation at one, two, and three years has
been reported to be 27%-35%, 45%-66%,
and 45%-91%, respectively.®* Choi et al.*
reported that in BRTO, bleeding from EVs
was statistically significant at five and seven
years, with Pvalues of 0.02 and <0.01, respec-
tively, and no significant bleeding risk at one
and three years. In terms of the PARTO pro-
cedure, new or exacerbated EVs have been
reported at between 22% and 33% at three
to nine months.'”2314! The incidence of EV
exacerbation is similar in patients post-CAR-
TO at 23%.3* Therefore, patients who have
undergone a RTO procedure will require
long-term endoscopic surveillance for EVs
with the initial endoscopy at one to three
months after intervention. Independent risk
factors for the exacerbation of EVs include
total bilirubin of >1.6 mg/dL and a hepatic
venous pressure gradient of >13 mmHg.*?
Researchers have described the concomi-
tant use of splenic embolization along with
transvenous obliteration to prevent the ex-
acerbation of EVs.2* New or worsening as-
cites or hepatic hydrothorax is another major
complication following BRTO, PARTO, and
CARTO, with an incidence rate of 0%-44%,
11%-58%, and 25%, respectively.'%2131:3337.41
Worsening portal gastropathy is reported in
5%-13% of patients following BRTO and 20%
after CARTO.33%7

Outcomes

The technical success of the procedure
mainly relates to the successful cannulation
of the portosystemic shunt, including the
GRS, accurate placement of the occlusion
device, and filling of the whole shunt with
the sclerosant. Clinical success relates to
resolution of the Gl bleeding without recur-
rent bleeding, and/or complete obliteration
of the shunt on follow-up imaging/endos-

copy.

In terms of BRTO, the technical success
rates range from 79% to 100%, with clinical
success rates of 91%-100%. The technical
success rate of BRTO is increased to 98%-—
100% when combined with BATO.?® The rates
of rebleeding in technically successful proce-
dures range from 0% to 20%, but are typical-
ly below 10%. The survival rates at one year,
three years, and five years range from 8% to
100%, 75%-100%, and 39%-85%, respec-
tively.>™® Improvement in HE is reported in
the range of 80%-100% at two to three years
post-procedure.374344 This improvement in
HE is due to improved hepatopetal flow. Post-
BRTO, there is evidence of improved hepatic

synthetic function for six to nine months,
after which the hepatic reserve returns to
baseline.?”# This short-term improvement is
due to improved hepatopetal flow and may
prove beneficial in patients with a high like-
lihood of requiring a liver transplant. Given
that there is a high incidence of ascites post-
BRTO, the MELD score appears to be more
sensitive for the assessment of hepatic func-
tion compared with the Child-Pugh score in
patients who have undergone transvenous
obliteration of GVs.*

In a recent meta-analysis, Wang et al.*’
compared the effects of TIPS versus BRTO
on bleeding GVs, with the results indicating
that BRTO was superior to TIPS, with higher
overall survival rates and lower rates of re-
bleeding. These results were similar to those
obtained in the meta-analysis conducted
by Paleti et al.*® and the retrospective study
conducted by Gimm et al.* Increasingly,
TIPS and transvenous obliteration are con-
sidered to be complementary procedures
in treating patients with portal hyperten-
sion, reducing the risk of variceal bleeding.
Transvenous obliteration procedures con-
trol bleeding from GVs by obliterating the
spontaneous portosystemic shunt, which,
in turn, increases portal pressure and the
related complications of EV, ascites, and
hepatic hydrothorax. By combining trans-
venous obliteration with TIPS, the increased
portal pressure associated with transvenous
obliteration is countered by the creation of
the TIPS procedure. There is growing evi-
dence that combining transvenous obliter-
ation procedures with TIPS is more effective
in managing GVs than either procedure
alone.>%2

In terms of PARTO, the technical success
rates range from 94.7% to 100%, with clini-
cal success rates of 90.6%-100%. Post-PAR-
TO improvement in the hepatic synthetic
function has been reported in up to 67% of
patients.’s1723141 This improvement in liv-
er function is significant during the first six
months compared with the baseline.>* Pa-
tients with a Child—Pugh class of B or C exhib-
it greater improvement in hepatic function
compared with those in Child-Pugh A class.>*
The rebleeding rate is similar to that of BRTO
and is reported to be 11% at one year.'® In
a recent retrospective study, Park et al.*® re-
ported a worsening of EVs in 53% of patients
who underwent PARTO, and in this study,
16 out of the 26 patients with worsening of
post-PARTO EVs underwent endoscopic var-
iceal ligation.
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In terms of CARTO, the technical and clin-
ical success rates are up to 100%, as reported
by Lee et al.®, with no variceal rebleeding
noted during a mean follow-up of around
12 = 5 months. Similar high technical (100%)
and clinical (97.2%) success rates were re-
ported in a retrospective study of 36 patients
conducted by Yamamoto et al.** Compared
with PARTO, the procedure time for CARTO is
longer, as it requires deployment of multiple
coils during the procedure, in contrast to a
single vascular plug in PARTO.

Conclusion

Generally, GVs are seen in around 20%
of patients with cirrhosis and are associated
with higher morbidity and mortality rates
compared with EVs. Many researchers con-
sider transvenous obliteration techniques
to be as effective as placement of TIPS in
controlling a GV hemorrhage. Increasingly,
TIPS and transvenous obliteration are being
considered as complementary procedures in
treating patients with portal hypertension,
reducing the risk of variceal bleeding. Knowl-
edge of the complex anatomy of GVal, as well
as familiarity with various procedural tech-
niques, is essential for favorable clinical out-
comes in these patient populations. Newer
techniques and advances continue to make
these procedures safer, shorter, and more
effective in treating these complications and
improving the quality of life and survival of
the patients.
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