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Abstract
AIM: To evaluate the effect of the shunting branch of 
the portal vein (PV) (left or right) and the initial stent 
position (optimal or suboptimal) of a transjugular intra-
hepatic portosystemic shunt (TIPS).

METHODS: We retrospectively reviewed 307 consecu-

tive cirrhotic patients who underwent TIPS placement 
for variceal bleeding from March 2001 to July 2010 at 
our center. The left PV was used in 221 patients and 
the right PV in the remaining 86 patients. And, 224 and 
83 patients have optimal stent position and sub-optimal 
stent positions, respectively. The patients were followed 
until October 2011 or their death. Hepatic encepha-
lopathy, shunt dysfunction, and survival were evaluated 
as outcomes. The difference between the groups was 
compared by Kaplan-Meier analysis. A Cox regression 
model was employed to evaluate the predictors.

RESULTS: Among the patients who underwent TIPS 
to the left PV, the risk of hepatic encephalopathy (P  
= 0.002) and mortality were lower (P  < 0.001) com-
pared to those to the right PV. Patients who underwent 
TIPS with optimal initial stent position had a higher 
primary patency (P  < 0.001) and better survival (P  = 
0.006) than those with suboptimal initial stent position. 
The shunting branch of the portal vein and the initial 
stent position were independent predictors of hepatic 
encephalopathy and shunt dysfunction after TIPS, re-
spectively. And, both were independent predictors of 
survival.

CONCLUSION: TIPS placed to the left portal vein with 
optimal stent position may reduce the risk of hepatic 
encephalopathy and improve the primary patency rates, 
thereby prolonging survival.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: This study reported the long-term follow-up 
results of a large cohort of cirrhotic patients who un-
derwent transjugular intrahepatic portosystemic shunt 
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(TIPS) for variceal bleeding. The results demonstrated 
that the use of the left portal vein (PV) during the TIPS 
procedure could reduce post-TIPS hepatic encephalopa-
thy risk and improve patient survival when compared 
to the use of the right PV, and that the deployment of a 
stent with optimal stent position could reduce the inci-
dence of shunt dysfunction and benefit patient survival 
when compared to the deployment of a stent with sub-
optimal stent position.
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INTRODUCTION
Transjugular intrahepatic portosystemic shunt (TIPS) 
placement is accepted worldwide as a means to decom-
press portal hypertension and to alleviate variceal hemor-
rhage[1-6]. However, this procedure has two major risks, 
which include hepatic encephalopathy (HE) (which is 
seen in somewhere between 21%-77% of  patients per 
year)[1,2,7,8] and shunt dysfunction (which occurs in any-
where from 14%-82% of  patients per year)[9-15].

Previous studies have reported that creation of  a 
TIPS to the left portal vein (PV) instead of  the right PV 
can decrease the risk of  HE[16,17]. However, the sample 
sizes of  these studies were relevantly small (the largest 
study included only 80 patients)[17]. One of  these two 
studies evaluated the survival of  patients who underwent 
left vs right PV TIPS and demonstrated that there was no 
difference in the survival between these two groups of  
patients[16].

In addition, several studies have implied that TIPS 
stents, when extended to the hepato-caval junction [rather 
than terminating in the hepatic vein (HV)], have a de-
creased incidence of  shunt dysfunction[13,18,19]. However, 
these studies have not addressed the effect of  stent posi-
tion upon patient survival. Furthermore, to our knowl-
edge, no study has evaluated the effect of  the shunting 
branch of  the PV and stent position concurrently.

This study aims to evaluate the effect of  the shunting 
branch of  the PV and the initial stent position on patient 
prognosis, particularly patient survival, in a large series 
of  cirrhotic patients who underwent TIPS for variceal 
bleeding.

MATERIALS AND METHODS
Study population
Between March 2001 and July 2010, all consecutive pa-
tients with cirrhosis who underwent a TIPS procedure 
for an indication of  variceal bleeding at our center were 

retrospectively analyzed in the present study (both in the 
elective and emergency settings). The exclusion criteria 
are as follows: (1) PV thrombosis; (2) hepatocellular car-
cinoma; (3) other malignant diseases; (4) sepsis; (5) renal 
failure (serum creatinine > 265 μmol/L); (6) heart failure; 
and (7) age < 18 years. Local ethical committee approved 
the study protocol. Written informed consent for TIPS 
procedure was obtained from every patient.

Definitions and endpoints
Liver cirrhosis was diagnosed according to a history of  
liver disease, decreased liver function, portal hypertension 
and characteristic imaging features suggesting cirrhosis. 
A biopsy was performed when hepatocellular carcinoma 
was suspected. The diagnosis of  PV thrombosis was 
established mainly based on color Doppler ultrasound 
(CDUS) and computed tomography as our previous de-
scription[20]. The definition of  technical success was suc-
cessful creation of  a TIPS between the HV and PV and 
reduction of  the portosystemic gradient (PSG) to < 12 
mmHg or by > 25%[21].

HE was diagnosed and classified according to the 
West Haven criteria[22]. Grade Ⅲ and Ⅳ were consid-
ered to represent severe HE. Recurrent (at least three 
episodes of  HE in the last 3 mo) and/or persistent HE 
(continuously detectable altered mental state with further 
episodic deteriorations) despite protein restriction and 
active medical treatment were considered to be refrac-
tory HE[23].

Shunt dysfunction was suggested when any one of  
the following events was observed: (1) variceal bleeding; 
(2) occurrence of  severe ascites; or (3) a maximum flow 
velocity < 50 cm/s or the absence of  flow within the 
shunt as demonstrated by CDUS. Suspected shunt dys-
function was confirmed by portography and a pressure 
measurement that showed a PSG > 15 mmHg[20]. The 
duration of  time from the TIPS procedure to the first 
shunt dysfunction was defined as the primary patency.

Optimal initial stent position (O-SP) (Figure 1) was 
defined as a stent position that satisfied the following 
two criteria: (1) the cephalic end of  the stent extended 
to the hepato-caval junction[18]; and (2) the caudal end of  
the stent was parallel to the vascular wall of  the PV (the 
angle between the tangent line of  the caudal end of  the 
stent and the vascular wall of  the PV was less than 20°). 
Otherwise, the stent position was considered to be sub-
optimal. We reviewed the stent position by anteropos-
terior and lateral imaging. If  the position was identified 
as suboptimal by either imaging view, the stent was diag-
nosed as a suboptimal initial stent position (sub-O-SP). 
The sub-O-SP diagnosis comprised of  the following 
three categories: (1) suboptimal in the HV; (2) subopti-
mal in the PV; and (3) suboptimal in both the HV and 
PV. Based on the predefined criteria, the stent position 
of  each patient was classified by two interventional radi-
ologists with ten (C. H) or nine (W. G) years of  experi-
ence, who were blinded to each other's classifications 
and to the patients’ outcomes.
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TIPS procedure
The technique for creating a TIPS has been described 
previously[13,24,25]. After indirect portography (mesenteric 
artery angiography) was performed, the HV (commonly, 
the right HV) was reached using a TIPS set (RUPS-100, 
Cook, Cook Inc., Bloomington, IL, United States), and 
the PV was punctured under the guiding of  digital sub-
traction angiography. The following four steps were 
employed to puncture the PV: (1) the anatomical posi-
tion between HV and PV was estimated by CT imaging 
and indirect portography; (2) the metal cannula of  the 
RUPS-100 was bended to an appropriate angle (usually 
30o-70o for the left and 20o-50o for the right PV, respec-
tively) according to the estimated anatomical position; 
(3) the RUPS-100 was introduced into the right HV; and 
(4) the end of  the RUPS-100 was turned to a point at 
the left/right PV and then the targeted PV could be suc-
cessfully punctured. For an experienced expert, either the 
left or right PV can be selected and successfully punc-
tured, which have been proved in previous studies[16,17]. 
Which PV branch was punctured was determined by the 
interventional radiologists and recorded at the time of  
the TIPS procedure. A 10-mm stent was used for TIPS 
creation before October 2006 and an 8-mm stent (BARD, 
Luminexx, Voisins le Bretonneux, France) was used 
thereafter to avoid excessive portosystemic shunting. Fur-
thermore, additional dilations were performed whenever 
the PSG was > 12 mmHg or the reduction in the PSG 
was < 25%[21]. Markedly enlarged gastroesophageal col-
lateral vessels observed during the TIPS procedure were 
embolized with coils (Cook Incorporated, 750 Daniels 
Way Bloomington, IN). For the patients included in this 
study, covered stents could not be employed because the 
State Food and Drug Administration had not approved 
these stents at the time of  the TIPS procedures.

After the TIPS procedure, intravenous heparin 
(8000-12000 u/d) was given for 5-7 d and then warfarin 
for 6 mo and lifelong aspirin were prescribed at dosages 
to achieve an international normalized ratio (INR) of  up 

to two times the upper limit of  normal to prevent shunt 
dysfunction[20]. The antithrombotic therapy strategy was 
made according to the practice guidelines of  American 
College of  Chest Physicians[26]. A TIPS revision was 
planned whenever shunt dysfunction was recognized.

Follow-up
The patients were followed until October 2011 or their 
death. Variceal bleeding, ascites, HE, and survival were 
assessed at one, three, six and 12 mo and then yearly. 
Blood tests, coagulation function tests (prothrombin 
time, INR) and CDUS (diameter, flow velocity and di-
rection of  flow in the PV and shunt), if  possible, were 
obtained at the follow-up time points and any time when 
symptoms recurred (hematemesis, melena or large vol-
ume ascites).

Statistical methods
Numerical variables are expressed as mean value ± stan-
dard deviation. Normal continuous variables were com-
pared using the Student’s t test. Non-normal continuous 
variables were compared using the Mann-Whitney rank-
sum test. Nominal variables are expressed as frequencies 
and compared using the χ 2 test. Accumulated propor-
tions were assessed using Kaplan-Meier curves and 
compared using the log-rank test. The following items 
were included in univariate analyses: age, gender, etiol-
ogy, procedure type (elective/emergency), ascites, previ-
ous HE, splenectomy, platelet count, serum albumin, 
bilirubin, creatinine, sodium concentrations, INR, Child-
Pugh score, MELD score, PSG, stent diameter, shunting 
branch of  the PV, initial stent position, HE within six 
months, shunt dysfunction within six months, and TIPS 
date. A Cox proportional regression hazards model was 
used to assess the prognostic value of  the significant 
variables found in the univariate analyses. Patients who 
were lost to follow-up or underwent liver transplantation 
were censored at the last follow-up date and the date of  
transplantation, respectively. All of  the statistical analyses 
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Figure 1  Stent position classifications. The initial stent position was classified according to the angiography imaging as follows: A: Suboptimal in the hepatic vein (HV) 
(arrow) and optimal in the portal vein (PV) (arrow head); B: Optimal in the HV (arrow) and suboptimal in the PV (arrow head); C: Optimal in the HV (arrow) and optimal 
in the PV (arrow head).
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patients, sub-O-SP in 83 patients, including sub-O-SP in 
the HV in 63 patients, PV in 17 patients and both HV 
and PV in the remaining three patients. Table 1 demon-
strates that patients with O-SP and those with sub-O-SP 
also had comparable baseline characteristics. A high inter-
observer agreement was demonstrated between the two 
interventional radiologists who classified the initial stent 
position (κ = 0.98, P < 0.001). Disagreements for the 
three patients in whom a consensus was not reached were 
resolved through discussion.

HE
In total, 209 episodes of  overt HE were observed in 128 
patients. The majority (n = 71) of  the first episodes of  HE 
were grade Ⅱ. During the follow-up, 72 patients had one 
episodes of  HE, and the rest had two or more episodes 
HE. HE were successfully controlled by medical treat-
ments in all patients except the three who showed refrac-
tory HE and required a reduction of  the stent size three, 
10, and 17 mo after TIPS implantation. The proportions 
of  patients remaining free of  HE were 74.5% in three 
months, 68.1% in one year, and 56.8% in three years.

The proportion of  patients free of  HE after one and 
three years were 54.3% and 44.0% for the patients with a 
right PV TIPS vs 73.4% and 61.3% for the patients with 
a left PV TIPS (Figure 3A, log-rank test: P = 0.002). In 
the 8-mm stent (Figure 3C, log-rank test: P = 0.030) and 
10-mm stent subgroups (Figure 3E, log-rank test: P = 

were performed with SPSS 17.0 (SPSS, Chicago, IL), and 
a two-tailed P value < 0.05 was considered statistically 
significant.

RESULTS
Patient characteristics
Figure 2 presents the patient selection flowchart. The 
median follow-up time was 2.5 years (range, 0.1-10.9 
years). Patient demographics of  our cohort of  307 pa-
tients prior to TIPS creation are presented in Table 1. Of  
these patients, 258 underwent TIPS creation in elective 
settings and 49 in emergency settings. TIPS creation was 
technically successful in all of  the included patients. The 
left PV was used in 221 patients and the right PV in the 
remaining 86 patients. For these two groups of  patients, 
no significant difference was observed in the baseline 
clinical and laboratory characteristics (Table 1). In three 
of  the included patients, intra-abdominal bleeding caused 
by an extrahepatic PV puncture was successfully treated 
by rapid decompression of  the portal system with stent 
deployment. Other procedure-related complications in-
cluded one patient with a bile duct injury and one patient 
with a liver capsule hematoma, both of  whom are alive at 
the time of  follow-up for this study.

Classification of the stent position
The position of  the stent was classified as O-SP in 224 

Patients underwent TIPS from March 2001 and July 2010 in our 
center: n  = 593

TIPS for refractory 
ascites: n  = 38

TIPS for variceal 
bleeding: n  = 555

Excluded patients: n  = 248
   Patients with portal vein thrombosis: n  = 116
   Patients with hepatocellular carcinoma: n  = 115
   Patients with other malignant diseases: n  = 6
      Colorectal carcinoma: n  = 2
      Carcinoma of bile duct: n  = 2
      Embryonic tumor: n  = 1
      Ureteral cancer: n  = 1
   Sepsis: n  = 1
Renal failure: n  = 3
Heart failure: n  = 1
Age < 18 yr: n  = 6

Emergency TIPS: 
n  = 49

Elective TIPS: 
n  = 258

Included patients: 
n  = 307

Figure 2  Selection flowchart for the consecutive patients who underwent transjugular intrahepatic portosystemic shunt between March 2001 and July 2010. 
TIPS: Transjugular intrahepatic portosystemic shunt.
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0.035), the patients with a left PV TIPS had a lower rate 
of  post-procedure HE. Severe HE was observed in 21 
(9.5%) patients in the left PV group and in 13 (15.1%) 
patients in the right PV group (P = 0.159). Of  the three 
patients who presented refractory HE, two underwent a 
left and one underwent a right PV TIPS.

After univariate analysis (Table 2) and multivariate 
analysis, age (P = 0.001), INR (P = 0.014), Child-Pugh 
score (P = 0.004), MELD score (P = 0.021), reduction 
ratio in PSG (P = 0.009) and shunting branch of  PV (P = 
0.014) were identified as independent predictors of  HE 
(Table 3).

Shunt dysfunction
During the follow-up, 118 patients had at least one epi-
sode of  shunt dysfunction. Of  these 118 patients, 80 
underwent 108 TIPS revisions, 25 died due to the first 
post-TIPS variceal bleeding, five underwent endoscopic 
therapies and two underwent surgical therapies for vari-
ceal rebleeding. Six patients required large volume para-
centesis due to severe ascites. The primary patency rates 
of  our cohort after one, three, and five years were 79.9%, 
58.7%, and 46.0%, respectively.

The 1-, 3- and 5-year primary patency rates were 
83.3%, 66.7% and 53.5% for patients with O-SP and 
70.9%, 38.2% and 25.8% for patients with sub-O-SP, 
respectively (Figure 4A, log-rank test: P < 0.001). More-
over, patients with each of  the three types of  sub-O-SP 
had a significantly higher risk of  shunt dysfunction than 
patients with O-SP (Figure 5). In the 8-mm stent (Figure 

4C, log-rank test: P = 0.019) and 10-mm stent subgroups 
(Figure 4E, log-rank test: P < 0.001), the primary patency 
rates in the patients with O-SP were significantly higher 
compared to those with sub-O-SP.

Among patients with shunt dysfunction and por-
tography, those with sub-O-SP in the HV usually had 
stenosis or occlusion in the HV (86.2%), and those with 
sub-O-SP in the PV had stenosis or occlusion in the PV 
(83.3%). Patients with O-SP experienced stenosis or oc-
clusion in the PV at a rate of  33.3% and in the HV at a 
rate of  33.3%. The differences among the three groups 
and between any two of  these three groups were statisti-
cally significant (Figure 6).

Three variables were evaluated as potential risk fac-
tors for shunt dysfunction in univariate analyses (Table 
2). The multivariate analysis revealed that previous sple-
nectomy (P = 0.008) and initial stent position (P < 0.001) 
were independent predictors of  primary patency.

Survival
Among the 110 deaths, underlying etiologies included 
liver failure in 56, variceal rebleeding in 42, hepatocel-
lular carcinoma in four, and other causes in eight (which 
included cerebral hemorrhage, heart failure, myocardial 
infarction, car accident, encephalitis, diabetes, esophageal 
cancer and pancreatic cancer). The overt survival rates 
for the included patients were 89.0% at one year, 71.4% 
at three years, and 51.0% at five years with a median sur-
vival time of  5.6 years (95%CI: 4.3-6.9).

The median survival time was 8.4 years (95%CI: 

  Characteristic Total Shunting branch of the PV Initial stent position

(n  = 307) Left (n  = 221) Right (n  = 86) Optimal (n  = 224) Sub-optimal (n  = 83)

  Age (yr)     50.7 ± 12.8     50.0 ± 12.9     52.5 ± 12.3     50.8 ± 12.6     50.4 ± 13.3
  Gender (male/female)   209/98   151/70   58/28     147/77   62/21
  TIPS procedure (elective/emergency)   258/49   190/31   68/18   190/34   68/15
  Etiology (viral/not viral1)   275/32   199/22   76/10   197/27 78/5
  Ascites (no/yes)       94/213       74/147   20/66       69/155   25/58
  Previous HE (no/yes) 298/9 214/7 84/2 218/6 80/3
  Previous splenectomy (no/yes)   252/55   179/42   73/13   184/40   68/15
  Platelet count (109/L)     82.3 ± 65.4     82.3 ± 68.9     82.6 ± 55.8     85.5 ± 68.4     73.9 ± 56.2
  Albumin (g/L)   33.3 ± 5.2   33.4 ± 5.0   32.9 ± 5.9   33.1 ± 5.2   33.8 ± 5.2
  Total bilirubin (μmol/L)     24.7 ± 19.2     24.3 ± 18.1     25.7 ± 21.7     24.0 ± 17.8     26.4 ± 22.4
  INR     1.3 ± 0.3     1.3 ± 0.3     1.3 ± 0.3     1.3 ± 0.3     1.3 ± 0.3
  Serum creatinine (μmol/L)     82.4 ± 21.8     82.3 ± 21.9     82.6 ± 21.6     81.0 ± 21.2     86.2 ± 22.9
  Sodium (mmol/L) 138.9 ± 4.7 139.0 ± 4.3 138.4 ± 5.6 138.6 ± 5.0 139.6 ± 3.6
  Child-Pugh score     7.1 ± 1.6     7.1 ± 1.6     7.3 ± 1.7     7.1 ± 1.7     7.1 ± 1.5
  Child-Pugh classification (A/B/C) 126/157/24 94/110/17 32/47/7 93/111/20 33/46/4
  MELD score   11.1 ± 3.3   11.1 ± 3.3   11.1 ± 3.5   11.2 ± 3.5   10.8 ± 2.7
  Pre-TIPS PSG (mmHg)   22.3 ± 4.5   22.5 ± 4.3   21.7 ± 4.9   22.4 ± 4.6   22.0 ± 4.2
  Reduction ratio of PSG (%)     45.8 ± 17.4     46.3 ± 17.4     44.5 ± 17.3     45.7 ± 17.4     45.9 ± 17.5
  Stent diameter (8-/10-mm)     206/101   150/71   56/30   150/74   56/27
  Shunting branch of the PV (right/left)       86/221 - -       57/164   26/60
  Initial stent position (optimal/suboptimal)   224/83   164/57   60/26 - -
  TIPS date2 (before 2006/after 2006)     118/189   75/146    43/433       83/141   35/48
  Lost to follow-up 19 12 7 15 4

Table 1  Characteristics of patients before transjugular intrahepatic portosystemic shunt

1Cirrhosis caused by autoimmune diseases (n = 11), cirrhosis caused by medications (n = 4), schistosome (n = 1) or nonalcoholic steatohepatitis (n = 2); 2The 
date of TIPS procedure; 3The comparison between groups was significantly different. HE: Hepatic encephalopathy; PSG: Portosystemic pressure gradient; 
INR: International normalized ratio; MELD: Model for end-stage liver diseases; PV: Portal vein.
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5.2-11.5) for patients with a left PV TIPS and 3.9 years 
(95%CI: 3.3-4.7) for patients with a right PV TIPS (Figure 
3B: log-rank test: P < 0.001). The patients with a left PV 
TIPS had a significantly higher survival rate compared 
to those with a right PV TIPS in both the 8-mm (Figure 
3D, log-rank test: P = 0.022) and 10-mm stent subgroups 
(Figure 3F, log-rank test: P = 0.001).

For the patients with O-SP and those with sub-O-
SP, the survival rates after one, three and five years were 
90.4%, 75.8% and 56.6%, and 85.3%, 60.7% and 38.9%, 
respectively (Figure 4B: log-rank test: P = 0.006). In the 
8-mm stent subgroup, the survival rate for the patients 
with O-SP was significantly higher compared to that for 
the patients with sub-O-SP (Figure 4D, log-rank test: P = 
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0.029). In the 10-mm stent subgroup, the 3-year survival 
rates were 78.2% and 60.6% for the patients with O-SP 
and those with sub-O-SP, respectively (Figure 4F, log-
rank test: P = 0.164).

Thirteen variables were identified as potential prog-
nostic factors of  survival in the univariate analyses (Table 
2). A multivariate analysis showed that ascites (P < 0.015), 
INR (P = 0.002), Child-Pugh score (P < 0.001), MELD 
score (P = 0.002), the shunting branch of  the PV (P = 
0.001), the initial stent position (P = 0.010), HE within 6 
mo (P = 0.043) and shunt dysfunction within 6 mo (P = 
0.001) were independent predictors (Table 3).

DISCUSSION
This study of  TIPS creation for variceal bleeding in a 
large cohort of  cirrhotic patients verified that shunt-
ing the left PV may decrease the risk of  HE and that 
the deployment of  a stent with O-SP could reduce the 
incidence of  shunt dysfunction. Most importantly, we re-
vealed that the shunting branch of  the PV and the initial 
stent position were independent prognostic factors of  
patient survival.

Recently, a decreased risk of  HE after left PV TIPS 
creation was observed in a study of  72 patients[16] and 
consequently confirmed by a study with 80 patients[17]. 
However, the former study found no significant differ-
ence in the overall survival of  patients with a TIPS placed 
in the left vs right PV[16], and the latter study did not ad-
dress the survival of  these two groups of  patients[17]. 
The authors of  the former study considered that the 
negative results were attributed to the short observation 
periods and the relatively small sample size of  the study, 
as that they did not employ survival as the primary end-
point[16]. We confirmed that patients with a TIPS placed 
through the left PV have a lower risk of  HE in a large 
cohort of  patients. In our multivariate analysis, patients 
with HE within six months and the use of  the right PV 
were found to be two of  the independent risk factors for 
mortality. These results suggest that TIPS to the left PV 
may improve patient survival by lowering the risk of  HE 
to a great degree. Survival is usually considered to be the 
strongest endpoint for evaluating the effectiveness of  a 
therapy. Thus, our study presents important evidence for 
using the left PV in cirrhotic patients who underwent 
TIPS creation for variceal bleeding.

It is reported that most HE neurotoxins, such as am-
monia, are derived from the intestine[27], which may be 
directed predominantly to the right PV[28,29]. Thus, TIPS 
placement through the right PV may theoretically lead 

  Variable Hepatic encephalopathy Shunt dysfunction Survival

HR 95%CI P value HR 95%CI P value HR 95%CI P value

  Age (yr) 1.03 1.01-1.04 < 0.001 0.99 0.97-1.01 NS 1.01 0.99-1.03 NS
  Gender (male/female) 1.04 0.72-1.50 NS 1.62 1.07-2.45    0.023 1.41 0.92-2.16 NS
  TIPS procedure (elective/emergency) 1.37 0.88-2.13 NS 0.66 0.38-1.14 NS 1.57 1.02-2.41    0.041
  Ascites (yes/no) 1.55 1.04-2.30    0.031 0.90 0.62-1.33 NS 2.22 1.38-3.57    0.001
  Previous splenectomy (yes/no) 0.97 0.61-1.54 NS 1.65 1.09-2.50    0.018 0.61 0.36-1.02 NS
  Platelet count (109/L) 1.00 0.99-1.01 NS 1.00 0.99-1.01 NS 0.99 0.99-1.00    0.021
  Albumin (g/L) 0.96 0.93-0.99    0.022 0.98 0.95-1.02 NS 0.96 0.92-0.99    0.035
  Total bilirubin (μmol/L) 1.00 0.99-1.01 NS 1.00 0.99-1.01 NS 1.01 1.00-1.02    0.002
  INR 2.09 1.20-3.64    0.009 0.82 0.41-1.63 NS 3.12 1.86-5.23 < 0.001
  Child-Pugh score 1.17 1.06-1.29    0.003 1.01 0.90-1.13 NS 1.29 1.15-1.44 < 0.001
  MELD score 1.05 1.01-1.11    0.032 0.97 0.91-1.03 NS 1.09 1.04-1.14 < 0.001
  Reduction ratio of PSG (%) 1.02 1.01-1.03    0.004 0.99 0.98-1.01 NS 1.01 0.99-1.02 NS
  Shunting branch of the PV (right /left) 1.75 1.22-2.52    0.003 0.81 0.53-1.23 NS 2.10 1.43-3.07 < 0.001
  Initial stent position (sub-optimal/optimal) 0.75 0.49-1.15 NS 2.24 1.54-3.25 < 0.001 1.88 1.44-2.47 < 0.001
  HE within 6 mo (yes/no) - - - - - - 1.60 1.07-2.38    0.021
  Shunt dysfunction within 6 mo (yes/no) - - - - - - 1.87 1.15-3.04    0.011

Table 2  Results from the univariate analyses

HE: Hepatic encephalopathy; PSG: Portosystemic pressure gradient; INR: International normalized ratio; MELD: Model for end-stage liver diseases; PV: 
Portal vein; NS: Non-significant; TIPS: Transjugular intrahepatic portosystemic shunt.

  Variable Multivariate analysis

HR 95%CI P value

  Hepatic encephalopathy
     Age 1.02 1.01-1.04 0.001
     INR 2.01 1.15-3.50 0.014
     Child-Pugh score 1.17 1.05-1.31 0.004
     MELD 1.06 1.01-1.11 0.021
     Shunting branch of the PV (right/left) 1.59 1.10-2.30 0.014
     Reduction ratio of PSG (%) 1.01 1.00-1.03 0.009
  Shunt dysfunction
     Previous splenectomy (yes/no) 1.76 1.16-2.67 0.008
     Initial stent position (sub-optimal/optimal) 2.30 1.57-3.35 < 0.001
  Survival
     Ascites (yes/no) 1.87 1.13-3.08 0.014
     INR 2.31 1.34-3.98 0.003
     Shunting branch of the PV (right/left) 1.92 1.30-2.84 0.001
     Initial stent position (sub-optimal/optimal) 1.68 1.12-2.50 0.011
     Child-Pugh score 1.27 1.13-1.43 < 0.001
     MELD 1.09 1.03-1.14 0.003
     HE within six months (yes/no) 1.54 1.02-2.35 0.043
     Shunt dysfunction within 6 mo (yes/no) 2.48 1.47-4.19 0.001

Table 3  Risk factors from the multivariate analyses

INR: International normalized ratio; PV: Portal vein; MELD: Model for 
end-stage liver diseases; HE: Hepatic encephalopathy; PSG: Portosystemic 
pressure gradient.
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to increased neurotoxins in the systemic circulation, in 
which the effect will result in an increased incidence of  
HE and decreased survival[16,17].

One previous study demonstrated that patients with 
the cephalic end of  the stent extended to the hepato-
caval junction had a longer patency lifespan compared to 
those with a stent terminating in the HV; however, the au-
thors did not assess the effect of  the spatial relationship 

between the caudal end of  the stent and the vascular wall 
of  the PV on shunt patency[18]. Stenosis in the PV was 
also reported as an important cause of  shunt dysfunc-
tion, especially in patients with covered stents[13,19,30-32]. 
In our 13 years’ experience, we have the impression that 
failure of  the caudal end of  the stent to be parallel to the 
vascular wall of  the PV probably increases the risk of  
stenosis in the PV. In order to validate our impression, 
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this suboptimal spatial relationship (the caudal end of  the 
stent is unparallel to the vascular wall of  the PV, Figure 
1B) was defined as sub-O-SP in the PV and its effect on 
shunt dysfunction was studied in this study.

The high inter-observer agreement on the stent posi-
tion classifications indicated that our classification criteria 
were reliable and valid. In this study, the patients with 
sub-O-SP in the HV and those with sub-O-SP in the PV 
had significantly lower primary patency rates compared 
to those with O-SP, and the outcomes of  the three pa-
tients with sub-O-SP in both the HV and PV were nota-
bly worse. These results suggest that the deployment of  a 
stent with the cephalic end extending to the hepato-caval 
junction and the caudal end parallel to the vascular wall 
of  the PV is favorable in a TIPS procedure to decrease 
the risk of  shunt dysfunction.

Additionally, the stenosis or occlusion sites in the 
patients with shunt dysfunction correlated well with their 
initial suboptimal stent sites. It has been reported that 
an uncovered HV is more susceptible to pseudointimal 
hyperplasia and more predisposed to shunt thrombosis 

caused by turbulence and the shear stress of  high-velocity 
blood flow[33]. Moreover, in the patients with a stent ter-
minating in the HV, uncovered outflow segments of  the 
parenchymal tract are more likely to be formed by stent 
migration caused by organ movement[34]. For the patients 
with the caudal end of  the stent failing to be parallel to 
the vascular wall of  the PV, the chronic trauma to the PV 
intima caused by the end of  the stent was reported to be 
responsible for the stenosis or occlusion in the PV[13,30].

Furthermore, our data demonstrate that patients with 
sub-O-SP had a significantly lower survival rate than 
those with O-SP. Moreover, the O-SP was revealed as an 
independent predictor of  improved survival in the mul-
tivariate analysis. These results indicate that initial stent 
position plays an role in patient survival[13,18,19]. Subse-
quently, shunt dysfunction within six months was identi-
fied as one of  the independent risk factors for survival, 
which suggests that the increased incidence of  shunt 
dysfunction in patients with sub-O-SP may be partially 
responsible for the decreased survival rates. The higher 
shunt dysfunction rate determines many of  the relevant 
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outcome parameters such as rebleeding, recurrence of  
ascites, hepatorenal syndrome, spontaneous bacterial 
peritonitis, hospitalization, and cost, most of  which are 
also closely related to survival[35].

Compared to historical data in randomized studies, 
our patients demonstrated higher patency rates. This 
was also observed in our previous study on TIPS for PV 
thrombosis in cirrhosis[20]. It was reported in a random-
ized controlled trial that the routine administration of  
anticoagulants has a considerable effect on the improved 
patency rate[36]. Thus, the higher patency rate of  our 
patients was partially attributed to the routine use of  an-
ticoagulants. To some degree, our study validated the ef-
fectiveness of  anticoagulation on the prevention of  shunt 
dysfunction. Another possible reason for our higher 
patency rate is that patients included in a randomized trial 
are more closely followed than in a retrospective study.

The retrospective design and long study duration are 
some of  the limitations of  this study. Modifications in the 
technical aspects of  the TIPS procedure and improve-
ments in the supportive care most likely occurred during 
a long-term study. However, in our study, the TIPS date 
was not identified as a risk factor for HE, shunt dysfunc-
tion, and mortality (Table 2), which means the patient 
outcome was relatively stable during the study period. 
Another limitation is the use of  two different sized stents, 
which adds another confounding variable. However, the 
results of  the subgroup analyses according to the diam-
eter of  the stent are consistent with the results of  the 
analyses in the total patient population. These results sug-
gest that the shunting branch of  PV and the initial stent 
position are important when stent in either diameter is 
used. The use of  an uncovered stent is also a limitation 
of  this study because of  the worldwide popularity of  
covered stents. Certainly, TIPS with a covered stent faces 
challenge of  shunting either the left or right PV, and with 
the risk of  having a sub-O-SP as well. To our knowledge, 
the effectiveness of  the shunting branch of  the PV and 
initial stent position on survival has yet not been studied 
in covered stents. Thus, the results of  uncovered stents 
for TIPS creation will most likely have important refer-
ence value for the clinical practice and research of  TIPS 
with covered stents.

In conclusion, this study of  TIPS for variceal bleed-
ing in cirrhotic patients found the following: (1) place-
ment of  a left PV TIPS decreases the risk of  HE; (2) de-
ployment of  a stent with O-SP reduces the risk of  shunt 
dysfunction; and (3) both of  these factors may improve 
patient survival. The shunting of  the left PV and the de-
ployment of  a stent with O-SP should be recommended 
for TIPS creation. Further prospective studies are needed 
to confirm these results.
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Transjugular intrahepatic portosystemic shunt (TIPS) is used worldwide for 
the prevention of variceal bleeding. Hepatic encephalopathy (HE) and shunt 
dysfunction are the major drawbacks of this procedure. Previous studies dem-
onstrated that creation of a TIPS to the left portal vein (PV) instead of the right 
PV could decrease the risk of HE and that stent position is related to the occur-
rence of shunt dysfunction. However, the effects of the shunting branch of the 
portal vein and the initial stent position on patient survival were confused.
Research frontiers
More and more patients underwent the TIPS procedure for the complications of 
portal hypertension. For the use of TIPS procedure, the research hotspot is how 
to reduce the procedure-related complications and improve the patient survival 
by devising new devices, polishing the procedure technique, and bettering the 
patient selection.
Innovations and breakthroughs
Previous studies have found that patients with a TIPS placed to the left PV had 
lower risk of HE than those with a TIPS placed to the right PV. However, it is 
unclear whether the use of the left PV could improve patient survival. The re-
sults of our study validated the effect of creation of a TIPS to the left PV on the 
reduction of HE risk. Furthermore, we found that patients with a TIPS placed 
to the left PV had significantly better survival. Previously, several studies have 
assessed the effect of stent position on shunt patency rate. They demonstrated 
that patients with the cephalic end of the stent extended to the hepato-caval 
junction had a longer patency lifespan. All of these studies did not consider the 
positions of cephalic and caudal ends of the stent at the same time. In the pres-
ent study, we defined the stent position as optimal initial stent position (O-SP) or 
non-O-SP by considering the positions of both the cephalic and caudal ends of 
the stent. The results demonstrated that patients with O-SP had better patency 
rate and long term survival.
Applications
The results of the present study suggest that further TIPS creation should be 
placed to the left PV with O-SP in both the cephalic and caudal ends.
Terminology
TIPS is an interventional procedure which created a shunt (the shunt is main-
tained with a metal stent) within the liver between the portal vein and hepatic 
vein to decompress the portal pressure. O-SP is a stent position that satisfied 
the following two criteria: (1) the cephalic end of the stent extended to the 
hepato-caval junction; and (2) the caudal end of the stent was parallel to the 
vascular wall of the PV (the angle between the tangent line of the caudal end of 
the stent and the vascular wall of the PV was less than 20°).
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This is an interesting study which retrospectively analyzed more than 300 
patients who underwent TIPS procedure for variceal bleeding. The results are 
useful and suggest that further TIPS should be placed to the left PV with O-SP 
to improve the patient outcome.
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