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Abstract
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Background: Our purpose is to compare the stent patency and clinical outcome of trans-jugular intra-hepatic
porto-systemic shunt (TIPS) through the left branch portal vein (TIPS-LPV) to the standard TIPS through the right
branch (TIPS-RPV). We retrospectively reviewed all patients (n = 54) with refractory portal hypertension who were
subjected to TIPS-LPV at our institute (TIPS-LPV) between 2016 and 2018. These patients were matched with 56
control patients treated with the standard TIPS-RPV (TIPS-RPV). The 2 groups were compared regarding the stent
patency rate, encephalopathy, and re-interventions for 1 year after the procedure.

Results: TIPS-LPV group showed 12 months higher patency rate (90.7% compared to 73.2%) (P < 0.005). The
number of the encephalopathy attacks in the TIPS-LPV group was significantly lower than that of the TIPS-RPV
group at 6 and 12 months of follow-up [P = 0.012 and 0.036, respectively]. Re-bleeding and improvement of ascites
were the same in the two groups [P > 0.05]. Patients underwent TIPS-LPV needed less re-interventions and required
less hospitalizations than those with TIPS-RPV [P = 0.039 and P = 0.03, respectively].

Conclusion: The new TIPS approach is to extend the stent to LPV. This new TIPS-LPV approach showed the same
clinical efficiency as the standard TIPS-RPV in treating variceal bleeding and ascites. However, it proved a better
stent patency with lower rates of re-interventions, encephalopathy, and hospital admissions than TIPS through the
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Background

TIPS still has the advantage of being less invasive for
shunt implantation, yet, with similar decompressive ef-
fects on of the portal circulation as the surgical shunts
do [1, 2]. Randomized controlled trials and meta-
analyses have shown that the TIPS is superior to endo-
scopic therapy in refractory bleeding, preventing variceal
re-bleeding and difficult cases of recurrent or refractory
ascites [3, 4]. However, many authors reported frequent
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TIPS dysfunctions mandating repeated re-interventions
during follow-up [5-7]. Also, there is an increased inci-
dence of encephalopathy after TIPS [8, 9].

In the standard TIPS-RPV, the right portal is the only
used approach and its cannulation is a critical step for
the success of TIPS. Recently, the left approach has been
tried in many centers. The authors reported that the
outcome of the patient after TIPS is related to the tech-
nique used. They reported that the stent in the case of
TIPS-RPV is usually more liable to inevitable looping,
angulation, and kinking causing frequent shunt dysfunc-
tion [10]. Moreover, stent decreases the perfusion of the
larger portion of the liver (Rt. lobe segments represent
70%). Thus, the hemodynamics of liver blood flow from
the portal vein is affected to a greater extent when using
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the RPV approach [11, 12]. Stent dysfunction and ef-
fects on hemodynamics are the most important de-
termining factors regarding TIPS efficiency in portal
hypertension [13, 14]. On the other hand, cannula-
tion of the left portal vein decreases the perfusion of
the left lobe of the liver (supply 30%) and may pro-
vide a straight course of the stent. Moreover, the
quality and quantity in the portal vein help predict
the patient’s outcome after TIPS [15]. According to
streamline flow theory, the splenic blood flow is usu-
ally directed to the left lobe while the intestinal
blood supplies the right lobe. So, shunting from the
left portal is associated with less incidence of hepatic
coma [16].

Few studies have evaluated the efficacy of TIPS-LPV
regarding the clinical outcome without detailed discus-
sion of the patency of the stent in such a new technique
[17, 18]. Moreover, there is a lack of studies that com-
pared to the TIPS-LPV to standard TIPS-RPV in this re-
gard [19].

In this study, we aimed to compare the stent patency
and clinical efficacy of TIPS with LPV shunt to those of
RPV shunt.

Methods

Study design and constitution of the groups

This retrospective comparative study was conducted
on patients who were subjected to TIPS from 2008 to
2018 in our hospital. Fifty-four consecutive patients
with severe portal hypertension were subjected to
TIPS to the LPV (TIPS-LPV group). Those patients
were compared to 56 matching control group of pa-
tients selected from 1450 patients that were subjected
to the standard TIPS to RPV in our institute (TIPS-
RPV group). The patients of the control group were
selected anonymously and without knowledge of the
results of our primary or secondary outcomes. Match-
ing criteria between the two groups included age,
gender, Child-Pugh score, etiology of cirrhosis as a
cause of portal hypertension, symptoms of portal
hypertension, and stent type. An informing consent
was signed by all patients. Eligibility criteria in both
groups were (1) diagnosis of liver cirrhosis clinically,
radiologically, or by biopsy, (2) history of repeated
upper GIT bleeding attacks or bleeding once of a
massive amount (1000 ml), (3) endoscopic confirm-
ation that bleeding is of variceal source, and (4) age
between 18 and 65 years. Exclusion criteria were (1)
patients with large HCC or other malignancies in the
liver, (2) portal vein thrombosis, (3) chronic renal fail-
ure, (4) severe systemic infection, (5) severe pulmon-
ary hypertension, and (6) impaired cardiac
contractility with ejection fraction less than 30%.
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Technique of TIPS in both groups (to LPV and to RPV)
The standard technique of placing a TIPS stent to estab-
lish a portosystemic shunt and the post-procedural man-
agement has been described previously [16, 17]. After
mild intravenous sedation and analgesia (50 to 100 mg
of meperidine and 1 to 5 mg of midazolam), a puncture
needle was advanced transjugularly through the IVC.

In the TIPS-LPV group (n = 54), the metal TIPS nee-
dle (RUPS-100, Cook Inc., Bloomington, IN, USA) was
pre-bent to 60° and up 90° in some cases. The RUPS
needle was then turned 60° anti-clockwise to be able to
puncture the left branch of the portal vein from the left
or middle hepatic vein. In the case of Budd-Chiari, we
directly punctured the retro-hepatic cava to the liver
parenchyma. Once the left portal was reached, the
guidewire was advanced to reach the main portal vein.
The balloon was advanced to dilate the tract to the left
portal. The bare Wallstents (Medinvent, Schneider,
Bilach, Switzerland) were implanted then dilated to 8
mm in diameter. We increased dilatation to 10 mm if
the porto-caval pressure gradient was still high and the
end-point of the gradient was little above or equal to 12
mmHg. The Wallstents were deployed with care not to
reach the main trunk (Figs. 1, 2, and 3). In three cases,
there were previous failures to recanalize an occluded
right TIPS stents. In these cases, left parallel stents were
inserted beside the occluded ones (Figs. 4 and 5).

In the standard TIPS-RPV group [n = 56], the punc-
ture was through the right or middle hepatic vein to the
right branch of portal vein as routinely described. Simi-
lar metal cannula of RUPS-100 (Cook Inc., Bloomington,
IN, USA) was used. The primary TIPS-needle curve was
kept at 45° displaying sufficient torque control. The bare
Wallstents were implanted then dilated incrementally as
in the case of TIPS-LPV (Fig. 6).

Data collection

All clinical, laboratory, and radiological data over 1 year
were collected. TIPS occlusion, re-bleeding, re-
intervention, encephalopathy, and hospital re-admission
were collected and tabulated.

When a stenosis or occlusion was suspected, the pa-
tient had to undergo revision with angiography and
managed either by angioplasty, extra-stent insertion, or
both. Comparison between the two groups took place
regarding stent patency, re-intervention, encephalopathy,
re-bleeding, and hospital re-admission.

Study outcomes

The primary outcome of our study was to compare the
6 and 12 months patency rates of TIPS-LPV and TIPS-
RPV as known by the routine Doppler studies. The sec-
ondary end-points were the clinical outcome regarding
rebleeding and ascites. The encephalopathy, number of
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Studied TIPS groups

TIPS-LPV
(n=54)
Varices with Varices without
ascites ascites
(n=38) (n=16)

Fig. 1 Flowchart showing the patients in both TIPS groups

TIPS-RPV
(n=56)
Varices with Varices without
ascites ascites
(n=37) (n=19)

re-interventions, and hospital admissions were also de-
termined and compared in both groups at 6 and 12
months.

Statistical analysis

Data analysis was conducted using SPSS v.24 software
(SPSS Inc., Chicago, IL, USA). Continuous variables are
presented as mean + SD. Categorical variables are
expressed as number (percentage). The normal distribu-
tion of the data was checked by the Kolmogorov-
Smirnov test. If normally distributed, Student’s ¢ test was
used to compare the means of the outcomes. Compari-
sons of differences in the categorical data between
groups were performed using the chi-square test. Con-
tinuous variables were analyzed by Student’s ¢ test. P
value < 0.05 was considered statistically significant in all
these tests.

Results

Patients’ characteristics (Table 1)

Of 54 patients of the TIPS-LPV group, 4 patients had
Child-Pugh class A, 44 had class B, and 6 had class C.

The mean age was 47.4 + 6.2 years, ranging from 38.0 to
58.8 years. For the 56 patients of the TIPS-RPV group, 5
patients had Child-Pugh class A, 46 had class B, and 5
had class C. The mean age was 46.4 + 5.8 years, ranging
from 36.0 to 62.8 years. The other demographic data are
shown in (Table 1). There were no significant differences
in the baseline characteristics between the two groups,
including serum albumin, serum bilirubin, serum cre-
atinine, prothrombin time, hemoglobin, and model of
end-stage liver disease (MELD) scores.

Stent patency rates in both groups and re-interventions
(Table 2)

By the end of 6 months, 51/54 patients showed patent
stents in the TIPS-LPV group while 45/56 patients in
TIPS-RPV. So, the primary patency rate was significantly
higher in the TIPS-LPV (94.4%) compared to the pa-
tency rate of the TIPS-RPV (80.3%) (P < 0.01). Three pa-
tients out the in the TIPS-LPV showed stenosis/
occlusion while 11 patients in TIPS-RPV showed sten-
osis/occlusion, who were subjected to re-interventions
for recanalization. The re-interventions in both groups

-
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Fig. 2 TIPS case in the TIPS-LPV group. The sheath catheter containing the needle (arrow) was advanced inside the left portal (arrow) with limited
left portography (a). Main portal (interrupted arrow) venograhy was done (b). The delivered Wallstent (arrowhead) was inserted with an apparent
straight course and good flow shunting from left portal to cava (c)
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Fig. 3 Another TIPS case in the TIPS-LPV group. Middle hepatic (arrow) venography through a diagnostic catheter (a). The sheath catheter
containing the needle was advanced inside the genu left portal (interrupted arrow) (b) with limited portography (a). Main portal venography was
done with dilated portal vein (c). The delivered Wallstent (arrowhead) was inserted (d) with good flow shunting from left portal to cava (e)

consisted of balloon dilatation with or without in-
stenting. Owing to the higher patency, TIPS-LPV
showed a lower rate of 6-month occlusion/stenosis (5.6%
compared to 19.7%; P < 0.05) and required four re-
interventions during follow-up compared to 13 interven-
tions for the patients in TIPS-RPV (P < 0.05).

By the end of 12 months, 49/54 patients showed patent
stents in the TIPS-LPV group while 41/56 patients in
TIPS-RPV. So, the primary patency rate was significantly
higher in the TIPS-LPV (90.7%) compared to the patency
rate of the TIPS-RPV (73.2%) (P < 0.01). Three patients
more in the TIPS-LPV group compared to 4 patients in
TIPS-RPV showed stenosis/occlusion between the 6th and
12th months. Finally, the overall number of patients with

stent dysfunction was 5 patients in TIPS-LPV compared
to 15 patients in TIPS-RPV. Owing to the higher patency,
TIPS-LPV showed a significantly lower rate of stenosis/oc-
clusion (9.3% compared to 26.8% (P < 0.05). Regarding re-
interventions, five patients in TIPS-LPV required five re-
canalizations during follow-up compared to 19 interven-
tions for the 15 patients in TIPS-RPV (three patients re-
quired repeated interventions) (P < 0.05). In all patients,
shunt patency or recanalization was restored with angio-
plasty and/or insertion of an extra-stent.

Re-bleeding
Re-bleeding showed no significant differences at any
time points up to 1 year of follow-up. This result

Fig. 4 A TIPS through the LPV in a male patient with ascites and varices. The puncture needle (arrow) inside the left portal branch (a).
Subsequently, the catheter was introduced inside the main portal (b) with portography. Balloon (interrupted arrow) was introduced to dilate the
stent (c) between the left portal and cava. The stent after dilatation (arrowhead) shows a straight course with an excellent flow (d)

[ -
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a b c d
Fig. 5 Male patient with occluded long and curved (arrow) TIPS-shunt (a). Left portal vein was approached followed by left portography
(interrupted arrow) (b). Then, the main portography was done to measure the pressure (c). Finally, the Wallstent (arrowhead) that was delivered
shows a straight course between the left portal and cava with an excellent flow (d)

confirmed that both TIPS-LPV and TIPS-RPV can effi-
ciently prevent variceal bleeding. In other words, there
was no significant difference in re-bleeding incidences
between the TIPS-LPV and the TIPS-RPV groups (P =
0.493). During the follow-up of the TIPS-LPV group, 2
patients (2/54) experienced an episode of re-bleeding
(one patient within 0-3 months, one within 6-12
months). In one patient, bleeding resulted of anticoagu-
lant therapy while the other patient from variceal bleed-
ing. The final numbers yielded a 12-month rate of 4.7%
for GIT bleeding after TIPS-LPV. In the TIPS-RPV
group, three patients (3/56) experienced an episode of
gastrointestinal bleeding (2 patients within 3—6 months
and 1 within 12 months). Two cases were caused by var-
ies and 1 by anticoagulant therapy, which makes the in-
cidence of re-bleeding 5.7% after TIPS-RPV.

Ascites

The other indication of TIPS is to treat the ascites
caused by portal hypertension. The patients included in
this clinical study were not required to have ascites at
the beginning of the study. In the TIPS-LPV group,
there were 38 patients with different amounts of ascites,
and in the TIPS-RPV group, there were 37 patients with

different amounts of ascites before TIPS placement.
Thus, there was no significant difference between the
two TIPS groups (P = 0.316) (Table 1). From this study,
we also observed the effect of the two kinds of TIPS in
alleviating ascites. Patients with pre-TIPS ascites rou-
tinely had the standard doses of diuretics post-TIPS for
1-2 weeks until ascites was significantly resolved. Low-
dose diuretics such as spironolactone (100 mg, once per
day) and/or furosemide (20 mg, two times per day) were
commonly administered in these cases. Paracentesis was
unnecessary because the ascites was easily controlled by
the standard doses of diuretics post-TIPS. There were
31/38 (81.6%) patients in the TIPS-LPV group who had
no detectable ascites by ultrasound within the 12 months
of follow-up, including 19 patients within 0—3 months, 9
within 3-6 months, and 3 within 6-12 months. How-
ever, in the TIPS-RPV group, there were 30/37 (81%) pa-
tients who had no ascites within 12 months of follow-up,
including 22 patients within 0-3 months, 6 within 3-6
months, and 2 within 6-12 months. Both TIPS-LPV and
TIPS-RPV exerted efficient effects on resolving ascites,
and there was no significant difference in the treatment
efficiency of ascites between the two groups (P = 0.167).

Fig. 6 Male patient with occluded standard TIPS-RPV (arrow). The left portal vein was approached followed by left portography (a). Then, the
main portography was done to measure the pressure (b). Finally, the Wallstent (arrowhead) that was delivered shows a straight course between
the left portal and cava with an excellent flow (c)
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Table 1 Demographic data of patients in both studied groups
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Table 3 Encephalopathy after TIPS in both studied groups

TIPS-LPV TIPS-RPV Parameter TIPS-LPV  TIPS-RPV P value
Clinical characteristics 6-month encephalopathy rate 5/54(9.2) 13/56 (23.2%) < 0.05
Age (years) 468 £73 437 +£ 82 12-month encephalopathy rate 8/54 (14.8) 19/56 (33.6) < 0.05
Range 25-65 22-65 Number of encephalopathy attacks 13 33 < 0.05
Gender (n) One attack 8 19
Male 38 (70.3%) 40 (71.4%) Two attacks 4 12
Female 16 (29.6%) 16 (28.6%) Three attacks 1 2

Cirrhosis etiology (n)

Virus C 28 (51.9%) 32 (57.2%)

Budd-Chiary 22 (40.7%) 18 (32.1%)

Virus B 4 (7.4%) 6 (10.7%)
Child (n)

A 4 (7.4%) 5 (7.6%)

B 44 (81.4%) 46 (82.1%)

C 6 (11.2%) 5(11.3%)
Indications of TIPS (n)

Bleeding with ascites 38 (71.4%) 37 (67.1%)

Recurrent bleeding without ascites 16 (29.6%) 19 (33.9%)
Liver and renal functions (mean =+ SD)

Bilirubin 12+022 1.06 £ 0.2

Albumin 327 £ 047 3.181 £ 04

Serum glutamine transferase 31 +£6.39 3251 +£43

SGPT 30 £7.37 3261 £ 5.1

Creatinine 1.1£06 101 £ 04

Urea 412+92 3816 6.2

Encephalopathy in both groups

Table 3 shows the comparison of both groups regarding
the encephalopathy. In both groups, no patients had a
history of encephalopathy. After implantation of the
stent in the TIPS-LPV group, 8 patients (14.8%, 8/54)
suffered from encephalopathy within the first year, in-
cluding 3 patients belonging to HE grade 1, 3 belonging
to HE grade 2, and 2 belonging to HE grade 3. They
were treated with lactulose (10 ml, 3 times per day) and
ornithine aspartate injection therapy (10g, intravenous
drip, once per day), and they recovered within 1-3 days.
In contrast, in the TIPS-RPV group, 19 patients (33.6%,
19/56) suffered from encephalopathy within the first
year follow-up period, including 11 patients belonging to

Table 2 Follow up 6 month after TIPS in both studied groups

HE grade 1, 5 belonging to HE grade 2, and 3 belonging
to HE grade 3. They were treated the same as the TIPS-
LPV and also recovered within 1-4 days. In order to
avoid other potential factors influencing HE, we com-
pared the final diameter of the stents in both groups,
and there was no significant difference (P = 0.452). Re-
garding the number of encephalopathy attacks within
the first year, there were 13 attacks (in 8 patients) for
TIPS-LPV compared to 33 attacks (in the 19 patients)
for TIPS-RPV (P < 0.05).

Re-hospitalizations

The major causes of re-admission were shunt dysfunc-
tion, re-bleeding, encephalopathy, and ascites requiring
paracentesis. In the TIPS-LPV, 11 patients were admit-
ted to the hospital at least once during follow-up, and
the total number of admissions in this group was 13, as
some patients were admitted more than once. Of the 13
readmissions, 5 were for stent dysfunction, 5 were for
HE, 2 were for re-bleeding, and 1 was for ascites. In the
TIPS-RPV group, 24 patients were admitted to the hos-
pital at least once during follow-up, and the total num-
ber of admissions in this group was 39. Of the 39
hospital readmissions, 17 were for stent intervention, 16
were for HE, 5 were for re-bleeding, and 2 were for asci-
tes. The mean number of days of re-hospitalization dur-
ing the first year surveillance program was 3.7 + 1.2 days
in the TIPS-LPV, compared to 5.2 + l.6days in the
TIPS-RPV (P < 0.05).

Discussion

Reducing portal hypertension with the insertion of TIPS
is a well-established interventional procedure. TIPS is
used to manage cases of refractory portal hypertension
not responding to standard medical treatment such as

Parameter TIPS-LPV TIPS-RPV P value
6-month primary patency rate 51/54(94.4) 45/56 (80.3%) < 0.01
12-month patency rate 49/54 (90.7) 41/56 (73.2) < 0.005
Number of re-interventions 5 23 <005
Mean re-hospitalization time (days) 37+12 48 + 14 < 0.05
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variceal bleeding and ascites. There is a debate about
TIPS role regarding cirrhotic patients with complica-
tions. In this study, the indication for TIPS was for the
prevention of significant variceal bleeding with or with-
out ascites. Most of the studies reported a high inci-
dence of the TIPS adverse effects including TIPS
stenosis and de novo encephalopathy, especially with
bare stents. The latter is closely related to the patient’s
survival [17]. Encephalopathy rates were widely variable
among different studies (30-60%) [18, 19].

The most preferred approach when doing the standard
TIPS is to extend the shunt to the RPV (Fig. 7). The
lower anatomical site and horizontal course of the right
vein allow safer and easier course of the TIPS needle to
get inside its lumen. On the other hand, the selection of
the left branch of the portal vein was not widely per-
formed [20]. Eventually, some studies reported import-
ant results when selecting the LPV as they found that
the LPV approach has a lower incidence of stent occlu-
sion, less encephalopathy, and subsequently, less re-
hospitalizations than the RPV approach suggesting it as
a preferable technique when doing TIPS [19, 20].

The study of Chen et al. compared the clinical out-
come of the TIPS-RPV and TIPS-LPV. They reported no
significant difference in stent patency in the TIPS-LPV
group compared to the TIPS-RPV group caused by acute
thrombosis pseudointimal and subintimal hyperplasia of
the hepatic vein after 3 months, 1 year after TIPS place-
ment [19]. In their study, only bare stents were used not
covered stents. Thus, they reported that the shunt dys-
function was not affected by anatomically selected
branches of the portal vein. We disagree with Chen and
his group regarding differential stent dysfunction, al-
though we used bare stents as well. In our study, we
found that the TIPS-LPV group had a primary patency
rate significantly higher than the TIPS-RPV. We ex-
plained the higher patency by two factors [19]. First is a
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straight course of the shunt when implanted in the left
portal compared to the curved course on the right. In
many cases of TIPS-RPV, there would be a kink or loop
in the stent that is inevitable when implanted on the
right. The second factor is the use of a single stent when
using the left portal compared to two stents in some
cases. This is attributed to the shorter distance between
the hepatic veins and LPV compared to RPV. The use of
2 stents necessitates telescoping of one inside the other
that creates an internal circumferential edge of the junc-
tional zone. The later predisposes to thrombosis either
acute or in a chronic way. One interesting observation is
that the primary patency rate of our bare stents in TIPS-
LPV might be comparable to patency rates that were re-
ported in literature for covered stents [7].

Encephalopathy is a major determining factor with a
great concern of clinicians after TIPS [19]. In our study,
we found that patients with TIPS-LPV developed less
rates of encephalopathy compared to TIPS-RPV that
makes it superior to TIPS-RPV. Luo et al. in their study
reported the same finding as their TIPS-LPV patients
have less incidence of encephalopathy. These results are
due to the balance between the reduction of portal
hypertension and liver perfusion improvement from the
portal vein. Another explanation by Chu et al. in an ani-
mal study, ammonia content of the mesenteric vein of a
rabbit was higher than that of the portal vein branch,
splenic vein, and vena cava, as well as ammonia was
higher in the right branch portal vein than the left
branch, but a typical study on humans is not available
yet [18, 20].

The major causes of re-admission were shunt dysfunc-
tion, re-bleeding, encephalopathy, and ascites requiring
paracentesis. Chen et al. found in his study that re-
admissions and cost of the procedure were less in the
group with LPV stent compared to RPV. They explained
the reduced hospital re-admission by the reduced

b

portal and cava (b, c)

Fig. 7 Standard TIPS in a patient of the TIPS-RPV group. The right portal vein (arrowhead) was approached followed by the main portography to
measure the pressure (a). Finally, the Wallstent that was delivered shows inevitable angulation (arrow) through the course between the right

C
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incidence of encephalopathy in this group. We con-
firmed the finding of Chen and his group where patients
with TIPS-LPV had lower rates of re-admission com-
pared to those of the TIPS-RPV group. Moreover, the
mean hospital stay was reduced in the TIPS-LPV group
compared to TIPS-RPV. We explained these two advan-
tages by not only the less frequency of encephalopathy
but by the less frequency of shunt dysfunction in the
TIPS-LPV as well [19].

Our study has some limitations. The most important
limitation is the retrospective design of our study. Of
course, this design had the disadvantage that we might
include a bias when comparing stent patency and clinical
outcome. Another limitation is the heterogeneity of the
studied patients where we included patients with Budd-
Chiary. The thrombogenicity of such patients could
affect the primary outcome. But considering the match-
ing statistical power for both groups for comparison, we
decided to take this bias into account. The third limita-
tion is the non-randomization of the patients. In the fu-
ture, we need a controlled randomized study to compare
both groups.

Conclusion

TIPS is still a promising technique for the management
of portal hypertension. The new TIPS approach is to ex-
tend the stent to LPV. This new TIPS approach showed
the same clinical efficiency as the standard TIPS-RPV in
treating variceal bleeding and ascites. However, it proved
a better stent patency with lower rates of encephalop-
athy and hospital admissions than TIPS through the
right branch. We can consider TIPS-LPV as a primary
choice when doing TIPS.
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TIPS: Trans-jugular intra-hepatic porto-systemic shunt; TIPS-LPV: TIPS through
left branch portal vein; TIPS-RPV: TIPS through the right portal branch;

HE: Hepatic encephalopathy
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