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Abstract

Purpose To compare rebleeding rates following treat-
ment of variceal hemorrhage with TIPS alone versus TIPS
with variceal embolization in the covered stent-graft era.
Methods 1In this retrospective study, 52 patients (M:F
29:23, median age 52 years) with hepatic cirrhosis and
variceal hemorrhage underwent TIPS insertion between
2003 and 2008. Median Child-Pugh and MELD scores
were 8.5 and 13.5. Generally, 10-mm diameter TIPS were
created using covered stent-grafts (Viatorr; W.L. Gore and
Associates, Flagstaff, AZ). A total of 37 patients underwent
TIPS alone, while 15 patients underwent TIPS with vari-
ceal embolization. The rates of rebleeding and survival
were compared.

Results All TIPS were technically successful. Median
portosystemic pressure gradient reductions were 13 versus
11 mmHg in the embolization and non-embolization
groups. There were no statistically significant differences
in Child—Pugh and MELD score, or portosystemic pressure
gradients between each group. A trend toward increased
rebleeding was present in the non-embolization group,
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where 8/37 (21.6%) patients rebled while 1/15 (6.7%)
patients in the TIPS with embolization group rebled
(P = 0.159) during median follow-up periods of 199 and
252 days (P = 0.374). Rebleeding approached statistical
significance among patients with acute hemorrhage, where
8/32 (25%) versus 0/14 (0%) rebled in the non-emboliza-
tion and embolization groups (P = 0.055). A trend toward
increased bleeding-related mortality was seen in the non-
embolization group (P = 0.120).

Conclusions TIPS alone showed a high incidence of
rebleeding in this series, whereas TIPS with variceal
embolization resulted in reduced recurrent hemorrhage.
The efficacy of embolization during TIPS performed for
variceal hemorrhage versus TIPS alone should be further
compared with larger prospective randomized trials.

Keywords Transjugular intrahepatic portosystemic
shunt (TIPS) - Variceal hemorrhage - Embolization -
Rebleeding

Introduction

Transjugular intrahepatic portosystemic shunts (TIPS)
represent an established interventional therapy for com-
plications of portal hypertension, including medically
refractory or recurrent gastroesophageal variceal hemor-
rhage [1-3]. The efficacy of TIPS in treating bleeding
complications of portal hypertension has been shown in
several large studies [4, 5]. Early TIPS were performed
using bare metal stents, which were associated with high
rates of shunt stenosis and dysfunction [6, 7]. More
recently, covered stent-grafts have been shown to
improve TIPS patency [8-11], and the specialized
expanded polytetrafluoroethylene (e-PTFE) covered
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Viatorr stent (W.L. Gore and Associates, Flagstaff AZ) is
now widely used for TIPS creation. Direct prospective
comparison of TIPS created using bare metal stents with
TIPS made using covered stent-grafts has shown improved
patency rates and reduced rates of recurrent variceal hem-
orrhage among patients receiving Viatorr TIPS [11].

Given the improved patency and reduced rebleeding
rates provided by covered stent-grafts, the need to
embolize gastroesophageal varices at the time of TIPS
creation is controversial. Widespread variceal coil embo-
lization provides a theoretical measure of protection
against future bleeding and has been validated in TIPS
performed using bare metal stents [12]. Despite this, some
studies argue that TIPS creation alone is sufficient to
manage variceal gastrointestinal hemorrhage in most
instances [13, 14]. Patients with varices that continue to
fill in spite of a post-TIPS reduction in the portosystemic
gradient to less than 12 mmHg [15], patients who have
large caliber portosystemic collateral vessels [13, 16],
patients with submucosally coursing vessels [17], and
patients who have gastric varices or gastric antral vascular
ectasia [18] have been cited as specific populations with
increased bleeding risk that may benefit from variceal
embolization. Given the lack of consensus in literature
regarding the role of variceal embolotherapy during TIPS
procedures in the covered stent-graft age, this study was
undertaken with the purpose of comparing rebleeding
rates following TIPS with concurrent coil embolization of
gastroesophageal varices with TIPS alone in the Viatorr
era.

Materials and methods

This study was in compliance with the Health Insurance
Portability and Accountability Act, and the institutional
review board of our institution granted approval with
waiver of consent for inclusion in the study. All patients
provided written informed consent for procedures.

Clinical setting, patients and tumors

Between May 2003 and September 2008, 52 patients with
liver cirrhosis who underwent TIPS for treatment of gas-
troesophageal variceal hemorrhage were identified among
all patients undergoing TIPS (n = 132) at a single academic
university affiliated hospital situated in a large metropolitan
area and were selected for study. Inclusion criteria for TIPS
consisted of (a) age greater than 18 years, (b) known
hepatic cirrhosis based on histological or typical cross-
sectional imaging (ultrasound, computed tomography or
magnetic resonance imaging) findings, and (c) acute (within
24 h) or recent (more than 24 h prior) hemorrhage from
gastroesophageal varices refractory to endoscopic therapy.

Patients, liver disease and bleeding data

A total of 52 patients (29 men, 23 women, median age
52 years, range 26-76 years) were included. Patient
demographics, liver disease characteristics and bleeding
data are summarized in Table 1, and showed no statisti-
cally significant differences between the study groups.
Underlying liver disease included alcoholic (n = 21),
hepatitis B and/or hepatitis C virus (n = 9), alcoholic and
hepatitis C virus (n = 6), non-alcoholic steatohepatitis
(NASH) (n = 7), primary biliary cirrhosis (n = 5), auto-
immune (n = 2), alpha-one antitrypsin deficiency (n = 1)
and unknown (n = 1) causes of cirrhosis. Liver disease
included Child—Pugh class A (n = 6), B (n = 28) and C
(n = 18) disease (median Child—Pugh score = 8.5, 95%
CI 7.0-9.4, range 5-15). Median model for end-stage
liver disease (MELD) score was 13.5 (95% CI 11.0-17.4,
range 4-47). Bleeding sources included esophageal
(n = 31) or gastric varices (n = 21). As much as 46
patients suffered acute hemorrhage requiring emergent
TIPS insertion, while 6 patients had recent variceal
hemorrhage occurring within 4 days to 2 months before
TIPS placement.

Table 1 Patient demographics,

. . . Group All TIPS TIPS without TIPS with P value
liver disease characteristics and embolization embolization
bleeding data

Patients 52 37 15 -
Values i hesis indi Age (years) 52 (26-76) 52 (26-76) 52 (32-60) 0.650
rai;:s 1n parenthesis indicate Sex (M:F) 2023 20:17 06 0765
TIPS transjugular intrahepatic Child-Pugh score 8.5 (5-15) 9.0 (5-15) 8.0 (6-14) 0.920
p()rtosys[emjc shunt’ M ma]e’ MELD score 13.5 (447) 14.0 (4—47) 13.0 (4&34) 0.327
F fema.le, MELD model for end- Varices (esophageal:gastric) 31:21 24:13 7:8 0.350
stage liver disease, PSG Bleeding (acute:recent) 46:6 32:5 14:1 0.659

portosystemic gradient
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TIPS procedures

TIPS procedures were performed in the interventional
radiology suite using general anesthesia administered by
the anesthesiology service. TIPS were created from a right
internal jugular vein approach. Patients were prepared and
draped in standard sterile fashion while supine on the
angiographic procedure table. Routine internal jugular
venous access was gained using sonographic guidance.
Percutaneous access was dilated to accept a ten French
sheath. Typically, a five French multipurpose angled or
reverse curve catheter was used to engage the right hepatic
vein. After hepatic venography and pressure measurement,
mapping wedged hepatic venography was performed using
balloon occlusion technique and carbon dioxide. Next, a
Rosch-Uchida transjugular liver access set (Cook Co.,
Bloomington, IN) was used to gain access to the right
portal vein. After catheter passage into the portal vein
and direct portal vein pressure measurement, dilatation
of the hepatic parenchymal tract was performed using a
6 mm x 4cm or 8 mm X 4 cm balloon. Next, direct
portography was performed with measurement of the liver
parenchymal tract length. Subsequently, Viatorr stents
were deployed across the hepatic parenchymal tract in a
standard manner. If the distal portion of the Viatorr stent
fell short of the hepatic vein/inferior vena cava (IVC)
junction, additional Viatorr stents were utilized to extend
the stent at the discretion of the primary operator. Post-
deployment balloon angioplasty was performed using an
8 mm X 4 cm or 10 mm X 4 cm balloon. After measure-
ment of the final portal and right atrial pressures, com-
pletion shunt venography was performed.

Coil embolization of gastroesophageal varices was
performed following TIPS insertion at the discretion of the
primary operator, based on the number and size of varices,
as well as the presence and degree of angiographic filling
following TIPS placement. Coil embolization was not
necessarily dependent on reduction of the portosystemic
pressure gradient to <12 mmHg. In general, selective
catheterization of the coronary vein or gastric varix was
performed using a five French angled catheter (Glidecath;
Terumo Medical Corp., Somerset, NJ) or microcatheter
(Renegade Hi-Flo; Boston Scientific, Natick MA).
Embolization was then performed using 0.035 or 0.018 in.
metallic coils (Nester or MicroNester; Cook Co., Bloom-
ington, IN). Post-embolization completion venography
was then performed. After embolization, all vascular
devices were removed, and access site hemostasis was
obtained using manual compression. Following the pro-
cedure, patients were monitored in an intensive care unit
setting. Of note, no anticoagulant therapy or additional
treatments were utilized to help maintain shunt patency
after TIPS.

Clinical follow-up and measured outcomes

Immediate post-procedure, follow-up was performed while
patients remained hospitalized following TIPS. Outpatient
hepatology clinic follow-up was performed when possible,
excluding patients who expired or did not return for
scheduled follow-up. The primary outcome measure of this
study was post-TIPS rebleeding, assessed by overall inci-
dence and time to rebleeding events. Rebleeding was
defined as recurrent gastroesophageal variceal hemorrhage
requiring transfusion of two or more units of blood. Patient
survival comprised a secondary outcome measure. Reb-
leeding and survival were analyzed from the date of TIPS
insertion until death or date of most recent clinical follow-
up. Data were censored in November 2008. TIPS technical
success was defined as successful creation of a shunt
between the hepatic vein and an intrahepatic portal venous
branch. TIPS hemodynamic success was defined as
reduction in the portosystemic pressure gradient to an
absolute value <12 mmHg or relative reduction by more
than 10 mmHg.

Statistical analysis

Quantitative measures were compared using a Mann—
Whitney test for independent samples. Demographic data
were compared using a Fisher’s exact test. Patient reblee-
ding rates and survival were assessed using the technique
of Kaplan—Meier. Statistical analysis was performed
utilizing a commercially available software package
(MedCalc; MedCalc Software, Belgium). P values <0.05
were considered to be significant.

Results
TIPS procedures

TIPS insertion was technically successful in all 52 patients.
Hemodynamic success was also achieved in all 52 patients.
A single Viatorr stent-graft was utilized for TIPS creation
in 47 patients, and two Viatorr stent-grafts were used in
five patients. Fifty patients had 10 mm diameter stents
inserted, while two patients had different diameter stents
placed (8 mm stent in one patient in the embolization
group and 12 mm stent in one patient in the non-emboli-
zation group). Median initial portosystemic gradient was
19.0 mmHg (95% CI 16.0-21.0, range 10-32 mmHg) and
final portosystemic gradient was 6.0 mmHg (95% CI
5.0-8.0, range 1-16 mmHg) among all patients treated.
There was no statistically significant difference in median
initial (19.0 vs. 17.0 mmHg, P = 0.567) and final (6.0 vs.
6.0 mmHg, P = 0.524) portosystemic pressure gradient
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among the non-embolization and embolization treatment
groups, respectively. No statistically significant differences
were found when comparing pre- and post-TIPS porto-
systemic pressure gradient among patients partitioned by
class of Child—Pugh liver disease or cause of cirrhosis
(alcoholic, hepatitis B and/or hepatitis C virus, alcoholic
and hepatitis C virus, and other causes). There were no
immediate procedure-related complications.

Coil embolization

Among the 52 patients treated, gastroesophageal varices
were angiographically evident in 43 patients during initial
(pre-stent) direct portal venography (28/37 in the non-
embolization group and 15/15 in the embolization group).
Coil embolization was performed in 15 patients during
TIPS insertion. Vessels embolized included the coronary
vein (n = 14) and a gastrosplenic varix (n = 1). No con-
trast flow was seen through the coil pack on completion of
TIPS venography following embolization in any of the
cases.

Post-TIPS rebleeding and patient survival

Following TIPS insertion, 9/52 (17.3%) patients suffered
recurrent gastroesophageal variceal hemorrhage; 8/37
(21.6%) patients in the TIPS alone group rebled, while 1/15
(6.7%) patients in the TIPS with coil embolization group
rebled (P = 0.159, Fig. 1) during median clinical follow-
up time period of 199 days (95% CI 43-317, range
1-1,669 days) and 252 days (95% CI 33-12,16, range
1-1,763 days), respectively (P = 0.374). As such 36
patients underwent 0-12 months follow-up, 6 patients
underwent 13-24 months follow-up, 4 patients underwent
25-36 months follow-up, 4 patients underwent 37-48
months follow-up and 2 patients underwent >49 months
follow-up. Median time to recurrent hemorrhage was
199 days (95% CI 2-521, range 1-538 days) for all patients
with rebleeding; 4/9 patients (all in the non-embolization
group) rebled within 7 days (early rebleeding), whereas 5/9
patients rebled beyond 199 days (late rebleeding). Among
the nine patients exhibiting rebleeding after TIPS, median
portosystemic gradient after initial shunt insertion was
7 mmHg (range 4-16 mmHg), and only 1/9 patient had a
portosystemic gradient greater than 12 mmHg after TIPS
(this patient did not undergo coil embolization). While most
of the rebleeding patients had Child—Pugh class C liver
disease, no statistically significant differences in rebleeding
rates were found among patients partitioned by Child—Pugh
class using Kaplan—Meier analysis: Child—Pugh A 0/6 (0%),
Child-Pugh B 4/28 (14%), Child-Pugh C 5/18 (28%),
P = 0.184. Additionally, while most of the rebleeding
patients had alcoholic cirrhosis, no statistically significant
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differences in rebleeding rates were found among patients
partitioned by cause of cirrhosis (alcoholic, hepatitis B
and/or hepatitis C virus, alcoholic and hepatitis C virus and
other causes) using Kaplan—Meier analysis: alcoholic cir-
rhosis 7/21 (33%), hepatitis B and/or hepatitis C virus cir-
rhosis 0/9 (0%), alcoholic and hepatitis C virus cirrhosis 0/6
(0%) and other causes 1/16 (6%), P = 0.082.

A subgroup analysis of patients who underwent TIPS for
acute (within 24 h) bleeding demonstrated recurrent hem-
orrhage in 8/46 patients, including 8/32 (25%) patients in
the TIPS alone group and 0/14 (0%) patients in the TIPS
with coil embolization group (P = 0.055, Fig. 1) during
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Fig. 1 Graphs of Kaplan—-Meier estimation of a rebleeding proba-
bility among all patients undergoing TIPS with variceal coil
embolization versus TIPS without embolization (P = 0.159). b Reb-
leeding probability among patients with acute hemorrhage undergoing
TIPS with variceal coil embolization versus TIPS without emboliza-
tion (P = 0.055)
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<« Fig. 2 A 52-year-old man with alcoholic cirrhosis and bleeding
gastric varices. Portal venogram (a) performed during TIPS insertion
demonstrates prominent gastrosplenic (arrowhead) and coronary
(arrow) varices. Note right portal vein thrombosis. Post-TIPS portal
venogram (b) performed following gastrosplenic variceal emboliza-
tion shows minimal residual coronary vein opacification (arrow). This
vessel was not embolized given significant portosystemic gradient
reduction from 25 to 6 mmHg. Patient rebled 538 days post-TIPS due
to shunt occlusion, evidenced on venous phase imaging following
superior mesenteric arteriogram (c). Note coronary vein and gastric
variceal filling (arrows), as well as right portal vein recanalization

median clinical follow-up time periods of 208 days (95%
CI 41-401, range 1-1,669 days) and 197 days (95% CI
32-1,277, range 1-1,763 days), respectively (P = 0.504).
A subgroup analysis of rebleeding comparing patients by
type of varices showed recurrent hemorrhage in 3/21 (14%)
patients with gastric varices (2/13 in the non-embolization
group and 1/8 in the embolization group, P = 0.770) and
6/31 (19%) patients with esophageal varices (6/24 in the
non-embolization group and 0/7 in the embolization group,
P = 0.166). As such 3/9 patients who suffered rebleeding
had no angiographically evident gastroesophageal varices
during initial direct portal venography at the time of TIPS
placement (final post-TIPS portosystemic gradients in these
patients were 9, 5, and 5 mmHg). It is unknown if these
patients had elevation of portal pressure at the time of
rebleeding. None of these patients underwent TIPS
venography or pressure measurement after the rebleeding
event. Furthermore, there were no corroborative clinical
changes, such as new onset of ascites, to suggest devel-
opment of new portal hypertension.

Endoscopic confirmation of rebleeding source was
available in 5/9 patients with recurrent hemorrhage. Reb-
leeding occurred from the same varices as the patient’s
original gastrointestinal hemorrhage in 5/8 patients (1
early, 4 late rebleeders) in the non-embolization group. In
the remaining 3/8 patients in the non-embolization group,
endoscopy was not performed due to very early rebleeding
and active fluid and blood product resuscitation.

Of the nine patients with rebleeding, eight were in the
TIPS alone group and one was in the TIPS with emboli-
zation group; 2/8 patients in the non-embolization group
underwent coronary vein embolization after their reblee-
ding episode. In these two patients, the measured porto-
systemic pressure gradients were 7 and 15 mmHg at the
time of embolization as compared to 4 and 16 mmHg
immediately following TIPS, and no evidence of shunt
dysfunction was identified venographically. In the non-
embolization group, 2/8 patients underwent endoscopy
with intervention (banding or electrocautery), and both
had resolution of bleeding. In the non-embolization group,
3/8 patients underwent endoscopy without intervention
and only one of these three patients survived. In the
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non-embolization group, 1/9 patients underwent no treat-
ment and did not survive. The single patient in the embo-
lization group who rebled demonstrated both gastric and
esophageal varices on upper endoscopy after rebleeding
538 days following TIPS insertion, but did not show stig-
mata definitely suggestive of acute bleeding. This patient
also suffered from complete shunt occlusion (Fig. 2). In
this case, bleeding ceased after surgical mesocaval shunt
creation. No other cases of shunt dysfunction (stenosis or
occlusion) were identified in the other rebleeding patients.
Notably, profound coagulopathy was present in two
patients with rebleeding.

At the time of manuscript composition, 10/52 (19.2%)
patients in the study group were known to have expired;
7/37 (18.9%) patients in the TIPS alone group expired,
while 3/15 (20%) patients in the TIPS with coil emboli-
zation group expired (P = 0.746, Fig. 3). Death was rela-
ted to recurrent hemorrhage in 5/10 patients, all in the
non-embolization group (P = 0.120, Fig. 3).

Discussion

Since it was first introduced more than 20 years ago [19],
TIPS has become an established procedure for treatment of
complications related to portal hypertension. Accepted
indications for TIPS include acute gastroesophageal vari-
ceal bleeding that cannot be successfully controlled med-
ically, either with pharmacologic agents or with endoscopic
techniques, and recurrent or refractory variceal hemorrhage
intolerant to medical management [20]. In cases of TIPS
performed using bare metal stents, patients have shown
rebleeding rates approximating 20% after 2 years [21],
with many cases of recurrent hemorrhage related to shunt
dysfunction. The e-PTFE covered Viatorr stent-graft,
which was approved by the US Food and Drug Adminis-
tration in 2004, improves shunt patency by minimizing
transmural bile permeation and thereby reducing tissue
ingrowth. TIPS primary patency with the Viatorr stent-
graft has been found to range between 80 and 90% at
1 year [8, 10, 22, 23] and the use of the Viatorr has shown
further reduction in rates of recurrent hemorrhage follow-
ing TIPS to <10% [10, 23, 24].

Due to the significant morbidity and mortality associated
with gastrointestinal variceal hemorrhage [25], consider-
ation of factors that may further reduce post-TIPS reblee-
ding is important. Systemic venous pressures of more than
15 mmHg and stent dysfunction have been found to rep-
resent risk factors for recurrent hemorrhage following TIPS
[26]. The use of adjunctive coil embolization of gastro-
esophageal varices potentially addresses these risk factors
by occluding venous collateral channels that may recana-
lize in the setting of elevated systemic venous pressures or
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Fig. 3 Graphs of Kaplan—Meier estimation of a overall survival
probability among patients undergoing TIPS with variceal coil
embolization versus TIPS without embolization (P = 0.746). b Bleed-
ing related mortality among patients undergoing TIPS with variceal
coil embolization versus TIPS without embolization (P = 0.120)

stenotic or occluded shunts. To this end, variceal coil
embolization provided a reduction in the post-TIPS reb-
leeding rate in a large series of patients undergoing TIPS
with bare metal stents [12]. In that study, investigators
found that variceal embolization prolonged the span of
time between recurrent portal hypertension due to shunt
insufficiency and clinical rebleeding.

In the current investigation, we successfully treated
patients suffering from gastroesophageal variceal hemor-
rhage with TIPS with or without variceal coil embolization,
which was performed at the discretion of the primary
operating interventional radiologist. Among patients who
underwent TIPS for acute or recent variceal hemorrhage,
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herein, patients who were treated with TIPS creation alone
showed clinical evidence of recurrent hemorrhage with an
approximately 15% greater incidence than those who
received concurrent variceal embolization. While not sta-
tistically significant, these results represent a statistical
trend that resulted in considerable morbidity among
patients who did not undergo embolization, requiring
hospitalization, blood product transfusion, endoscopy and
additional angiography with embolization. A subgroup
analysis of patients who underwent TIPS creation for
treatment of acute variceal hemorrhage showed a 25%
greater incidence of rebleeding in patients who were trea-
ted with TIPS creation alone that approached statistical
significance. Furthermore, a trend toward increased
bleeding-related mortality was observed in the non-embo-
lization cohort. These results corroborate equivalent find-
ings reported for TIPS created with bare stents [12].
Notably, no cases of rebleeding in the non-embolization
group were found to be related to shunt dysfunction or
occlusion, indicating that TIPS patency was not a signifi-
cant factor in triggering rebleeding, and that patients may
bleed from fragile patent varices despite an open shunt
and reduced portosystemic gradient. This is in contradis-
tinction to the embolization group, where the single case
of repeat hemorrhage was related to shunt occlusion.
This case highlights the importance of complete variceal
embolotherapy.

While coil embolization provides an expected measure
of protection against early recurrent hemorrhage from the
occluded gastroesophageal varices, there is little literature
on the mechanism of late rebleeding in this setting and
the degree of security provided by embolization against
late rebleeding. To this end, 9/15 patients in the emboliza-
tion cohort had at least 140 days of follow-up (median
701 days, range 141-1,763 days), and only one showed
evidence of recurrent hemorrhage. However, this case was
associated with bleeding from a non-embolized coronary
vein (patient had a gastrosplenic varix embolized) in the
setting of an occluded shunt. These results lend support to
the notion that coil embolization provides protection from
late recurrent hemorrhage.

The use of adjunctive embolotherapy during the TIPS
procedure is generally safe and well tolerated [12]. Reports
of potential complications associated with coil emboliza-
tion, such as coil migration with non-target embolization,
are anecdotal. When coil embolization of gastroesophageal
varices is pursued, there are benefits to doing so prior to
stent insertion. Embolization prior to TIPS insertion allows
for better angiographic filling and visualization of collat-
eral vessels, which may decompress after shunt creation.
Furthermore, a patent shunt represents a channel for sys-
temic embolization of misplaced coils into the pulmonary
circulation, should an episode of poor coil deployment and

migration arise. The primary advantage of post-stent coil
embolization is the ability to observe the effect of porto-
systemic gradient reduction on angiographic collateral
vessel filling. It should be noted that the use of extensive
adjunctive variceal embolotherapy theoretically allows for
the use of a smaller shunt diameter, which may lower rates
of post-procedure encephalopathy. This hypothesis was not
tested in this investigation, as nearly all patients received
10-mm diameter shunts. It is noteworthy to mention that
balloon retrograde transvenous obliteration (BRTO) of
gastrorenal shunts has been shown to be effective in the
management of gastric variceal hemorrhage [27] and may
be useful in selected cases to avoid encephalopathy that
may occur as a result of TIPS. Finally, the benefits of coil
embolization during TIPS should be weighed against the
increases in procedure duration, patient and operator radi-
ation exposure, and procedure costs.

The overall rebleeding rate following TIPS in this study
was slightly higher than that reported in literature for Vi-
atorr TIPS [10, 23, 24]. The reason for this is uncertain, as
no noteworthy differences in patient demographics, liver
disease characteristics or procedure technical factors were
identified. Notably, three patients in the non-embolization
group who suffered rebleeding did not have angiographi-
cally visible varices on initial direct portal venography.
However, initial direct portograms in these patients were
performed from the midportion of the portal vein or from
the superior mesenteric vein rather than the splenic vein,
potentially reducing the likelihood of opacifying gastro-
esophageal varices arising from the splenic vein.

There were several important limitations to this study.
First, this study was retrospective and was not randomized.
Specifically, embolization was performed at the discretion
of the operating interventional radiologist. Despite this
potential bias, portal pressures were similar prior to and
following TIPS for the two groups, making it unlikely that
patients with less favorable characteristics were selected to
undergo TIPS alone. Second, our investigation was con-
ducted at a single institution and the sample size was
limited. Moreover, the number of patients in the emboli-
zation and non-embolization cohorts was disproportionate,
with slightly more than double the patients in the non-
embolization group. Third, minor technical differences in
TIPS placement, such as diameter of post-stent deployment
balloon angioplasty, may have been present in the two
study groups. However, experience indicates that the
self-expanding Viatorr stent may enlarge to its nominal
diameter over time despite under expansion following
deployment. Finally, endoscopic confirmation of reblee-
ding sources was not available in several patients with
recurrent hemorrhage following TIPS.

In summary, treatment of gastroesophageal variceal
hemorrhage with TIPS alone was associated with relatively
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high rebleeding rates in this study, whereas TIPS per-
formed with concurrent variceal coil embolization resulted
in a negligible recurrent hemorrhage rate. Despite the
limitations of this investigation, these findings support the
need for a large prospective randomized trial to confirm the
benefit of variceal coil embolization during TIPS per-
formed for variceal hemorrhage as opposed to portosys-
temic pressure gradient reduction alone.
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