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INTRODUCTION

N o w a d a y s ,  l i v e r 
transplantation (LT) is the 
mainstay curative treatment 
option for the end-stage liver 
diseases [1-3]. Portal vein 
thrombosis (PVT) is frequently 
observed in the candidates 
awaiting LT and potentially 
i n c r e a s e s  t h e  t e c h n i c a l 
complexity [4-8]. With the 
substantial improvement of 
surgical techniques [9-10], the 
presence of PVT has been no 
longer considered as an absolute 
contraindication for LT [11]. 
However, there is a considerable 

original paper

Abstract

Background & Aims: Portal vein thrombosis (PVT) increases the technical complexity of liver transplantation 
(LT). This systematic review and meta-analysis aim to analyze the association of pre-LT PVT with the overall 
survival after LT.
Methods. PubMed, EMBASE, and Cochrane library databases were used to search for papers related to the 
association between pre-LT PVT and survival of LT recipients. The differences in the survival rates between 
the LT recipients with and without pre-LT PVT were expressed as odds ratios (ORs) with 95% confidence 
intervals (CIs).
Results. Twenty-seven papers were included. Overall meta-analysis showed that the total LT recipients 
with pre-LT PVT had a significantly lower 1-year survival rate than those without pre-LT PVT (OR=0.733, 
95%CI=0.621-0.865; P=0.0002). But no statistically significant difference was observed in the in-hospital 
(OR=0.713, 95%CI=0.343-1.482; P=0.365), 1-month (OR=0.679, 95%CI=0.345-1.333; P=0.261), or 5-year 
survival rate (OR=0.788, 95%CI=0.587-1.058; P=0.113). Additionally, the 1-year survival rate was significantly 
lower in the LT recipients with complete PVT than in those without PVT (OR=0.503, 95%CI=0.295-0.858; 
P=0.012). However, no statistically significant difference in the 1-year survival rate between them was observed 
in the meta-analysis of high-quality studies (OR=0.899, 95%CI=0.657-1.230; P=0.505) or that of studies in 
which LT was performed after 2000 (OR=0.783, 95%CI=0.566-1.083; P=0.140).
Conclusion. Pre-LT PVT, especially complete PVT, decreased the 1-year survival rate after LT. However, the 
detrimental effect of pre-LT PVT on the survival of LT recipients became inconclusive in high-quality studies. 
Additionally, further well-designed cohort studies should validate the association in patients undergoing LT 
during the latter years.
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controversy regarding whether or not pre-operative PVT 
negatively influences the LT recipients’ survival [12, 13]. 
Herein, we have conducted a systematic review and meta-
analysis of observational studies to compare the survival rates 
between LT recipients with and without pre-LT PVT.

METHODS

Studies’ selection
As previously described [14], all papers regarding PVT were 

extensively searched via the PubMed, EMBASE, and Cochrane 
library databases (from database inception to November 12, 
2012). The search items were “portal vein thrombosis” OR 
“portal venous thrombosis” OR “portal vein obstruction” OR 
“portal venous obstruction”.

We included all observational studies with >10 patients 
[15], if they compared the survival rates between LT recipients 
with and without pre-LT PVT. We excluded the duplicates and 
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irrelevant papers, reviews, comments, case reports, small case 
series, clinical studies that did not report any detailed survival 
rates, and clinical studies that just evaluated the overall survival 
of LT candidates.

Data collection
Primary data included the total number of LT recipients, 

number of LT recipients with and without PVT, grade of PVT, 
overall survival rates after LT. Partial or complete PVT was 
defined according to the respective descriptions of every study. 
If Yerdel’s classification for the grade of PVT was adopted [16], 
grade I and II were defined as partial PVT; grade III and IV 
were defined as complete PVT.

Quality assessment
Given the specific study population and objectives of 

the meta-analysis, no well-established methods of quality 
assessment were appropriate. Thus, we assessed the study 
quality according to the following nine questions: 1) Were 
at least two of four baseline characteristics (i.e., age, sex, 
Child-Pugh class, and MELD score) matched between the 
LT recipients with and without PVT? 2) Were the patients 
consecutively enrolled? 3) Were the data prospectively 
collected? 4) Was the interval of enrollment clearly reported? 5) 
Were the criteria for the grade of PVT clearly reported? 6) Were 
the indications for LT clearly reported? 7) Was the pre-LT renal 
function clearly reported? 8) Was the information regarding 
re-transplantation clearly reported? 9) Was the information 
regarding hepatocellular carcinoma clearly reported? 

If the studies had at least seven answers of “Yes”, they were 
of high quality. Otherwise, they were of low quality. It should 
be noted that the method of quality assessment was subjective 
and not validated.

Statistical analysis
Difference in the survival rate between LT recipients with 

and without PVT was evaluated by odds ratio (OR) with 
95% confidence interval (CI). Then, the OR of each study 
was combined to give a pooled OR. P<0.05 was considered 
statistically significant. Data were pooled by a random-effects 
model to produce a conservative estimate. However, in case 
that the number of included studies was ≤3, we did not pool the 
data, but just summarized the individual results. Heterogeneity 
among studies was assessed by using the I2 statistic (I2>50% 
was considered as having substantial heterogeneity) and the 
Chi-square test (P<0.10 was considered to represent significant 
statistical heterogeneity). According to the results of I2 statistic, 
the heterogeneity was classified as mild (I2=0%-50%), moderate 
(I2=50%-70%), and severe (I2>70%). If the heterogeneity was 
severe, a meta-analysis was inappropriate, but the individual 
results were summarized. Egger test was employed to assess the 
publication bias (P<0.10 was considered as having significant 
publication bias). Subgroup analyses were performed in the 
studies including LT recipients with partial or complete PVT, 
high-quality studies, and studies in which LT was performed 
before or after the year 2000. All analyses were conducted using 
the StatsDirect statistical software version 2.7.8 (StatsDirect 
Ltd, Sale, Cheshire, UK).

RESULTS

Characteristics and quality of included studies
Overall, 10,936 papers were initially identified. Among 

them, 27 relevant studies were finally included [16-42] 
(Supplementary Fig. 1). They enrolled 18,405 LT recipients, 
of whom 1,496 were diagnosed with PVT. The prevalence of 
PVT in LT recipients was 4.2%-26%. The characteristics of 
included studies are shown in Table I. There were 5 major 
criteria for the grade of PVT reported in these studies 
(Supplementary Table I). According to the study quality, 10 
and 17 studies were of high- and low-quality, respectively 
(Supplementary Table II).

Survival of all LT recipients with PVT
In-hospital survival. Seven papers compared the in-hospital 

survival between the total LT recipients with and without 
PVT [16, 18, 27, 28, 37, 39, 41]. The heterogeneity was 
moderate (I²=54.7%, P=0.04). The in-hospital survival rate 
was relatively inferior in the total LT recipients with PVT than 
in those without PVT. However, meta-analysis did not show a 
statistically significant association of PVT with the in-hospital 
survival (OR=0.713, 95%CI=0.343-1.482; P=0.365) (Fig. 1A).

1-month survival. Four papers compared the 1-month 
survival between the total LT recipients with and without 
PVT [20, 22, 24, 34]. The heterogeneity among studies was 
moderate (I²=52.7%, P=0.096). The 1-month survival rate was 
relatively inferior in the total LT recipients with PVT than in 
those without PVT. However, meta-analysis did not show a 
statistically significant association of PVT with the 1-month 
survival (OR=0.679, 95%CI=0.345-1.333; P=0.261) (Fig. 1B).

1-year survival. Seventeen papers compared the 1-year 
survival between the total LT recipients with and without PVT 
[19-20, 23-26, 29-34, 36, 38-41]. The test for heterogeneity was 
not statistically significant (I²=0%, P=0.637). Meta-analysis 
demonstrated that the 1-year survival rate was statistically 
significantly inferior in the total LT recipients with PVT 
than in those without PVT (OR=0.733, 95%CI=0.621-0.865; 
P=0.0002) (Fig. 1C).

5-year survival. Five papers compared the 5-year survival 
between the total LT recipients with and without PVT [16, 
24-25, 39, 41]. The test for heterogeneity was not statistically 
significant (I²=17%, P=0.307). The 5-year survival rate was 
relatively inferior in the total LT recipients with PVT than 
in those without PVT. However, meta-analysis did not show 
a statistically significant association of PVT with the 5-year 
survival (OR=0.788, 95%CI=0.587-1.058; P=0.113) (Fig. 1D).

Survival of LT recipients with partial and with complete 
PVT

In-hospital survival. Only two papers compared the in-
hospital survival between the LT recipients with partial PVT 
and those without PVT [16, 39]. Among them, one paper 
reported a statistically significantly lower in-hospital survival 
rate in the LT recipients with partial PVT than in those without 
PVT (72% versus 87.6%) [16], but another paper reported a 
statistically similar in-hospital survival rate between the two 
groups (98% versus 93.4%) [39].
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Table I. Characteristics of included studies (continued on page 4)

First author (year) Country Interval of enrollment Prevalence of PVT (%) Grade of PVT

Shaked (1991) USA 1986- 1990 23/550 (4.2%) Occluded or absent portal vein: 23

Cherqui (1993) France 1989.1- 1992.5 11/69 (15.9%) Partial: 8; complete: 3

Gayowski (1996) USA 1989.10.1- 1994.2.28 23/88 (26%) Grade 1: 6; 
Grade 2: 4; 
Grade 3: 7; 
Grade 4: 6*

Seu (1996) USA 1984.2.1- 1995.5.1 70/1423 (4.9%) NA

Lerut (1997) Belgium 1984.2- 1990.12 38/326 (11.7%)¥ Partial: 11; total: 27

Yerdel (2000) UK 1987.10- 1996.8 63/709* (8.9%) Grade 1: 24; 
Grade 2: 23; 
Grade 3: 6; 
Grade 4: 10#

Manzanet (2001) Spain 1991.1- 1998.4 62/391 (15.9%) Partial: 48; complete: 14

Molmenti (2002) USA 1984.12- 1999.10 85/1546 (5.5%) N/A

Bertelli (2005) Italy 1986.4- 2003.10 64/721 (8.8%) Partial: 39; complete: 25&

Gimeno (2005) Spain 1986.4- 2003.12 83/864 (9.6%) Organized thrombus in the truncus 
of the vena porta: 83

Lendoire (2007) Argentina 1995.7- 2006.6 26/323 (8.7%) Grade I: 13; 
Grade II: 5; 
Grade III: 5; 
Grade IV: 3#

Llado (2007) Spain 1999.1- 2004.12 42/335 (12.5%) Grade I: 18; 
Grade II: 16; 
Grade III: 6; 
Grade IV: 2#

Cho (2008) Korea 2000.1- 2004.12 22/133 (16.5%) Grade I: 9; 
Grade II: 6; 
Grade III: 5; 
Grade IV: 2#

Gao (2009) China 2004.7- 2008.2 46/308 (14.9%) Grade I: 11; 
Grade II: 14; 
Grade III: 18; 
Grade IV: 3$

Pan (2009) China 1998.9- 2007.7 253/2508 (10.09%) Grade I: 104; 
Grade II: 114; 
Grade III: 29; 
Grade IV: 6#

Tao (2009) China 2002.12- 2006.12 42/465 (9.0%) Grade 1: 19; 
Grade II: 14; 
Grade III: 7 (1.5%);
Grade IV: 2 (0.4%)#

Wu (2009) China 1995.5- 2007.9 24/194 (12.4%) Grade I: 12; 
Grade II: 9; 
Grade III: 2; 
Grade IV: 1#

Doenecke (2010) Germany 2004.1- 2007.12 24/170 (12.4%) Grade I: 6; 
Grade II: 7; 
Grade III: 8; 
Grade IV: 3#

Englesbe (2010) USA 1995.1.1- 2007.3.30 30/574 (5.2%) Complete occlusion: 148

Rastogi (2010) India 2001- 2009.9 47/426 (11.03%) Grade I: 27 (57.4%); 
Grade II: 11 (23.4%); 
Grade III: 5 (10.6%); 
Grade IV: 4 (8.5%)#

Suarez Artacho 
(2010)

Spain 1991.1- 2008.10 48/617 (7.78%) Partial: 28; complete: 20

Kim (2011) Korea 2000.1- 2007.5 50/246 (20.3%) Type I: 41; 
Type II: 7; 
Type III: 2; 
Type IV: 0@
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Two papers compared the in-hospital survival between 
the LT recipients with complete PVT and those without PVT 
[16, 39]. Among them, one paper reported a statistically 
significantly lower in-hospital survival rate in the LT recipients 
with complete PVT than in those without PVT (56.3% versus 
87.6%) [16], but another paper reported a statistically similar 
in-hospital survival rate between the two groups (87.8% versus 
93.4%) [39].

1-month survival. One paper compared the 1-month 
survival between the LT recipients with partial PVT and those 
without PVT [22]. The 1-month survival rate was statistically 
similar between the two groups (95.7% versus 91.5%). 

Only two papers compared the 1-month survival between 
the LT recipients with complete PVT and those without PVT 
[22, 34]. Among them, one paper reported a statistically 

Table I (continued)

Kim (2011) Korea 2008.7- 2010.6 18/97 (18.5%) Grade I: 8; 
Grade II: 7; 
Grade III: 3#

Ravaioli (2011) Italy 1998- 2008 91/889 (10.2%) Partial: 50; total: 41§

Waits (2011) USA 2001.9- 2007.12 136/3630 (3.7%) NA

Wu (2011) Taiwan 1996.9- 2009.6 24/356 (6.7%) Grade I: 7; 
Grade II: 11; 
Grade III: 6#

Di Benedetto 
(2012)

Italy 2000.10- 2010.12 51/447 (11.4%) Partial: 44; complete: 7

¥, portal vein thrombosis and thrombophlebitis; *, the criteria for grade of PVT were seen in the reference by Gayowski (1996); 
#, the criteria for grade of PVT were seen in the reference by Yerdel (2000); &, the criteria for grade of PVT were seen in the 
reference by Bertelli (2005); $, the criteria for grade of PVT were seen in the reference by Gao (2009); @, the criteria for grade 
of PVT were seen in the reference by Kim (2011); §, in the abstract, there were partial PVT (n=51) and total PVT (n=40); but 
in the text, there were partial PVT (n=50) and total PVT (n=41).

Fig. 1. Forest plot of a meta-analysis showing the difference in the survival rate between the total LT recipients with and without PVT. 
(A) in-hospital survival; (B) 1-month survival; (C) 1-year survival; (D) 5-year survival.
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significantly lower 1-month survival rate in the LT recipients 
with complete PVT than in those without PVT (82.3% versus 
95.6%) [34], but another paper reported a statistically similar 
1-month survival rate between the two groups (85.7% versus 
91.5%) [22].

1-year survival. Three papers compared the 1-year survival 
between the LT recipients with partial PVT and those without 
PVT [36, 38, 39]. All of them demonstrated that this was mildly 
higher in patients with partial PVT than in those without PVT 
(in the paper by Suarez Artacho: 82.1% versus 70.9% [36]; in 
the paper by Kim: 89.5% versus 89.1% [38]; in the paper by 
Ravaioli: 88% versus 86% [39]). But none of them showed a 
statistically significant association.

Four papers compared the 1-year survival between the LT 
recipients with complete PVT and those without PVT [34, 36, 
38, 39]. The test for heterogeneity was not statistically significant 
(I²=21.1%, P=0.283). Meta-analysis demonstrated that the 
1-year survival rate was statistically significantly inferior in the 
LT recipients with complete PVT than in those without PVT 
(OR=0.503, 95%CI=0.295-0.858; P=0.012) (Fig. 2).

5-year survival. Two papers compared the 5-year survival 
between the LT recipients with partial PVT and those without 
PVT. Both of them demonstrated that the 1-month survival 
rate was statistically similar between the two groups (in the 
paper by Ravaioli: 70% versus 73% [39]; in the paper by Wu: 
61% versus 71.1% [41]).

Only one paper compared the 5-year survival between 
the LT recipients with complete PVT and those without PVT. 
The difference was not statistically significant (61% versus 
73%) [39].

Survival of LT recipients with PVT from high-quality 
studies

In-hospital survival. Four high-quality studies compared 
the in-hospital survival between the LT recipients with and 
without PVT [16, 27, 28, 39]. However, the heterogeneity 
among studies was severe (I²=75.5%, P=0.0065). Among them, 
one paper reported a statistically significantly lower in-hospital 
survival rate in the LT recipients with PVT than in those 
without PVT (68% versus 87.6%) [16], but the remaining three 
papers reported a similar in-hospital survival rate between the 
two groups (97.6% versus 92.2%; 95.5% versus 90.9%; 94.5% 
versus 93.4%) [27, 28, 39].

1-month survival. Only two high-quality studies compared 
the 1-month survival between the LT recipients with and 
without PVT [24, 34]. Among them, one paper reported a 
statistically significantly lower 1-month survival rate in the 
LT recipients with PVT than in those without PVT (82.3% 
versus 95.6%)[34], but another paper reported a statistically 
similar 1-month survival rate between the two groups (92.2% 
versus 92.4%) [24].

1-year survival. Seven high-quality studies compared the 
1-year survival between the LT recipients with and without 
PVT [19, 24, 25, 32-34, 39]. The test for heterogeneity was not 
statistically significant (I²=0%, P=0.9567). The 1-year survival 
rate was relatively inferior in the LT recipients with PVT than 
in those without PVT. However, meta-analysis did not show 
a statistically significant association of PVT with the 1-year 
survival (OR=0.899, 95%CI=0.657-1.230; P=0.505) (Fig. 3A).

Fig. 3. Forest plot of a meta-analysis of high-quality studies showing 
the difference in the survival rate between the LT recipients with and 
without PVT. (A) 1-year survival; (B) 5-year survival.

5-year survival. Four high-quality studies compared the 
5-year survival between the LT recipients with and without 
PVT [16, 24-25, 39]. The test for heterogeneity was not 
statistically significant (I²=28.4%, P=0.2414). The 5-year 
survival rate was relatively inferior in the LT recipients with 
PVT than in those without PVT. However, meta-analysis did 
not show a statistically significant association of PVT with 
the 5-year survival (OR=0.823, 95%CI=0.589-1.149; P=0.252) 
(Fig. 3B).

Fig. 2. Forest plot of a meta-analysis showing the difference in the 
1-year survival rate between LT recipients with complete PVT and 
those without PVT.
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Survival in the studies where LT was performed before 
and after the year 2000

In-hospital survival. Two studies, in which LT was 
performed before 2000, compared the in-hospital survival 
between the LT recipients with and without PVT [16, 18]. One 
paper reported a statistically significantly lower in-hospital 
survival rate in the LT recipients with PVT than in those 
without PVT (68% versus 87.6%) [16], but another paper 
reported a statistically similar in-hospital survival between 
the two groups (90.9% versus 91.4%) [18].

Two studies, in which LT was performed after 2000, 
compared the in-hospital survival between the LT recipients 
with and without PVT [28, 37]. Both of them reported a 
statistically similar in-hospital survival between the two groups 
(95.5% versus 90.9%; 94.4% versus 96.2%).

1-month survival. Two studies regarding LT performed 
before 2000 compared the 1-month survival between the 
LT recipients with and without PVT [20, 22]. Both of them 
reported a statistically similar 1-month survival between the 
two groups (86% versus 91.5%; 83% versus 88%).

No study, in which LT was performed after 2000, compared 
the 1-month survival between the LT recipients with and 
without PVT.

1-year survival. Three studies, in which LT was performed 
before 2000, compared the 1-year survival between the LT 
recipients with and without PVT [19-20, 23]. Two of them 
reported a statistically similar 1-year survival rate between 
the two groups (83% versus 88%; 84.90% versus 84.80%) [19, 
23], but another paper reported a statistically significantly 
lower survival rate in the LT recipients with PVT than in those 
without (74% versus 84%) [20].

Five studies regarding LT performed after 2000, compared 
the 1-year survival between the LT recipients with and without 
PVT [29, 31, 33, 38, 40]. The test for heterogeneity was not 
statistically significant (I²=0%, P=0.659). The 1-year survival 
rate was relatively inferior in the LT recipients with PVT than 
in those without PVT. However, meta-analysis did not show 
a statistically significant association of PVT with the 1-year 
survival (OR=0.783, 95%CI=0.566-1.083; P=0.140) (Fig. 4).

5-year survival. No study, in which LT was performed either 
before or after 2000, compared the 5-year survival between the 
LT recipients with and without PVT.

Publication bias
Publication bias by Egger test was reported in Supplementary 

Table III.

DISCUSSION

This study aimed to systematically review the difference in 
the survival between the LT recipients with and without pre-LT 
PVT. In addition to the overall meta-analysis, three subgroup 
analyses were also performed. 1) Because the outcomes of LT 
might be different between complete and partial PVT [43], 
the first analysis was conducted to clarify the effect of partial/
complete PVT on the survival of LT recipients. 2) Considering 
the potential impact of study quality on the results of systematic 
review, the second analysis was performed to explore the 
association of pre-LT PVT with the survival of LT recipients 
in high-quality studies. 3) Due to the overall improvement of 
LT outcome over time, the third analysis aimed to analyze the 
association between pre-LT PVT and survival of patients who 
underwent LT before or after the year 2000. However, due to the 
absence of relevant data, we could not perform the subgroup 
analyses according to the stage of PVT (acute versus chronic), 
nature of PVT (malignant or not), or etiology of liver disease.

As for the short-term survival, the overall meta-analyses 
did not show any significant difference between the total 
LT recipients with and without pre-LT PVT. Due to a small 
number of included studies or a statistically significant 
heterogeneity among studies, the subgroup analyses regarding 
the in-hospital and 1-month survival rates were not available. 
Although the in-hospital and 1-month survival rates might be 
increased due to the improvement in the surgical techniques 
and peri-operative management, we would like to believe 
that they were still influenced by the presence of complete 
pre-LT PVT in the LT recipients. Indeed, only two papers 
compared the in-hospital survival rate between LT recipients 
with complete PVT and those without PVT [16, 39]. And 
both of them demonstrated a lower in-hospital survival rate 
in the LT recipients with complete PVT. One study by Yerdel 
et al. reached a statistical significance [16], but another paper 
by Ravaioli et al. did not [39]. Similarly, only two papers 
compared the 1-month survival rate between LT recipients 
with complete PVT and those without PVT [22, 34]. And both 
of them demonstrated a lower 1-month survival rate in the LT 
recipients with complete PVT. One study by Englesbe et al. [34], 
in which a relatively larger number of patients were included, 
demonstrated a statistically significant difference between the 
two groups; however, another study by Manzanet et al. [22], 
in which a relatively small number of patients were included, 
did not find any statistically significant difference. Considering 
that the LT procedures were more complex in complete PVT 
than in partial PVT, the risk of post-LT complications might 
be higher in the presence of complete PVT, thereby increasing 
the short-term mortality. Certainly, the difference should be 
further validated in more studies.

Fig. 4. Forest plot of a meta-analysis showing the difference in the 
1-year survival rate between the LT recipients with and without PVT 
after 2000.
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The overall meta-analysis found that the 1-year survival rate 
was statistically significantly lower in the total LT recipients 
with pre-LT PVT than in those without PVT. Indeed, in the 
meta-analysis of 17 studies regarding the 1-year survival, only 1 
study demonstrated a statistically significant difference between 
the LT recipients with and without pre-LT PVT [26], but 16 
others found that the 1-year survival rate was not statistically 
significantly different between the two groups [19, 20, 23-25, 
29-34, 36, 38-41]. When all data were combined, a statistically 
significant difference was observed. Notably, the results of meta-
analyses were more stable with a narrow 95% CI.

The statistically significant difference in the 1-year survival 
remained in the LT recipients with complete PVT. Compared 
with the results of the meta-analysis regarding the total LT 
recipients with PVT, the OR was smaller in the meta-analysis 
regarding LT recipients with complete PVT (OR=0.503). This 
finding might suggest that complete PVT had a worse effect on 
the survival of LT recipients. But the 95%CI was relatively wider 
(95%CI=0.295-0.858), because a relatively smaller number of 
studies were included. By comparison, all of three included 
studies about LT recipients with partial PVT demonstrated a 
mildly higher 1-year survival rate in patients with partial PVT 
than in those without PVT, but no statistical significance was 
achieved. Accordingly, it was readily deduced that the survival 
of LT recipients was inconsistent among the different grades 
of PVT. In other words, as we judged the detrimental effect of 
PVT on the survival of LT recipients, the grades of PVT must 
be emphasized.

The 1-year survival was not significantly different between 
LT recipients with and without PVT in studies with high-
quality data and studies where LT was performed after 2000. In 
the meta-analysis of high-quality studies, the OR was close to 
1, and the 95% CI crossed the null value. Thus, the detrimental 
effect of pre-LT PVT on the survival of LT recipients should be 
cautiously interpreted. In the meta-analysis of studies where LT 
was performed after 2000, 95% CI also crossed the null value, 
but the upper limit of the 95% CI was very close to 1. This 
suggested that the effect of pre-LT PVT on the survival of LT 
recipients should be marginal. The effect might be gradually 
weakened in the contemporary era when LT techniques have 
greatly improved.

As for the long-term survival, the overall meta-analysis 
did not find any statistically significant difference between the 
total LT recipients with and without pre-LT PVT. This might 
suggest that long-term survival might not be influenced by the 
presence of pre-LT PVT. However, it should be noted that the 
upper limit of 95% CI for the OR was very close to 1 (OR=0.788, 
95%CI=0.587-1.058). As we had a closer look at the original 
data, 4 of 5 included studies reported a trend toward a lower 
5-year survival rate in the LT recipients with PVT [16, 24, 25, 
39, 41]. Similarly, although the meta-analysis of high-quality 
studies did not support the statistically significant association 
of pre-LT PVT with the survival of LT recipients, 3 of 4 included 
studies indicated an inferior 5-year survival in the LT recipients 
with PVT. In addition, one study including the LT recipients 
with complete PVT also reported that the 5-year survival rate 
was lower in the PVT group than in the non-PVT group [39]. 

Unfortunately, no study focused on analyzing the association 
in patients who underwent LT after 2000.

Our study had several limitations. First, more than 50% 
of included studies were of poor quality. Only a few studies 
reported that the baseline Child-Pugh class or MELD score, 
which was considered as the most important prognostic factor 
for the patients undergoing LT [44-46], were matched between 
the LT recipients with and without pre-LT PVT. Thus, we 
barely avoided the potential bias regarding the difference in 
the survival between the two groups. Second, in the era of the 
surgical innovations, the outcomes of LT recipients with pre-
LT PVT are being improved [47]. Thus, we barely avoided the 
potential bias regarding the difference in the survival between 
the two groups. In the era of surgical innovations, the outcomes 
of LT recipients with pre-LT PVT are also improving [47]. Thus, 
the outcomes greatly vary among the different enrollment 
periods. However, most of the included studies enrolled 
patients during a relatively long period; by contrast, only a 
minority of included studies enrolled patients who underwent 
LT after 2000. Thirdly, the long-term survival data were scarce. 
Thus, the association between pre-LT PVT and long-term 
survival remained inconclusive. Fourthly, the search strategy 
was extensive, but it was performed one year ago. Some more 
recent papers were not included in the present meta-analysis 
[48, 49]. However, we had to acknowledge that this research 
was very time-consuming. Review authors spent approximately 
6 months on identifying the relevant literatures [14].

CONCLUSIONS

The presence of PVT, especially complete occlusion, 
negatively influenced the 1-year survival of LT recipients, which 
suggests the necessity of a prior recanalization of thrombosed 
portal vein by anticoagulation or other pharmacological/
interventional procedures [50]. However, the association 
of PVT with the in-hospital, 1-month, and 5-year survival 
remained unclear due to a relatively small number of included 
studies. In addition, the meta-analysis of high-quality studies 
demonstrated no statistically significant association between 
PVT and 1-year survival. The meta-analysis of studies 
including patients who underwent LT after 2000 demonstrated 
only a marginally lower survival rate in the LT recipients with 
PVT than in those without PVT. Thus, further well-designed 
cohort studies should be initiated to validate these findings in 
the present era.
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Supplementary Table I. Grade of PVT: an overview of included studies 

Grade 1: a partial (mural) thrombosis of the MPV extending to or below the confluence with residual 

flow 

Grade 2: complete thrombosis of the MPV not extending to the confluence of the SMV and SV 

Grade 3: complete thrombosis of the MPV extending to the level of the confluence 

Gayowski 

(1996) * 

Grade 4: complete thrombosis of the MPV with extension below the confluence 

Grade 1: minimally or partially thrombosed portal vein, in which the thrombus is mild or, at the most, 

confined to <50% of the vessel lumen with or without minimal extension into the SMV 

Grade 2: >50% occlusion of the portal vein, including total occlusions, with or without minimal 

extension into the SMV 

Grade 3: complete thrombosis of both portal vein and proximal SMV, but distal SMV is open 

Yerdel 

(2000) # 

Grade 4: complete thrombosis of the portal vein and proximal as well as distal SMV 

Partial PVT: occlusion of the portal lumen was less than 90% Bertelli 

(2005) & Complete PVT: occlusion was greater 

Grade 1: thrombosis within the intrahepatic portal vein branches 

Grade 2: mural thrombosis within the MPV; diameter of portal vein >8mm 

Grade 3: fresh thrombosis within the MPV and proximal SMV, but distal SMV is open; diameter of 

portal vein <8mm 

Gao  

(2009) $ 

Grade 4: diffuse thrombosis within the MPV and proximal as well as distal SMV 

Type I: PVT localized above the confluence of the SV and SMV 

Type II: PVT extending below the confluence of the SV and SMV with a patent distal SMV 

Type III: PVT extending into the distal SMV with an open coronary vein 

Kim  

(2011) @ 

Type IV: complete thrombosis of both the portomesenteric vein and coronary vein 

Abbreviations: MPV, main portal vein; SMV, superior mesenteric vein; SV, splenic vein. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Supplementary Table II. Quality of included studies 

First author (Year) Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Score

Shaked (1991) Unclear Yes Unclear Yes Yes Yes No Yes No 6 

Cherqui (1993) Unclear Yes Unclear Yes Yes Yes No Yes Yes 6 

Gayowski (1996) Yes Yes Yes Yes Yes Yes No Yes Yes 8 

Seu (1996) Unclear Yes No Yes No No No Yes No 3 

Lerut (1997) Unclear Yes Unclear Yes Yes Yes No Yes Yes 6 

Yerdel (2000) No Yes Yes Yes Yes Yes No Yes Yes 7 

Manzanet (2001) No Yes Unclear Yes Yes Yes No Yes Yes 6 

Molmenti (2002) No Yes Yes Yes No Yes No Yes No 5 

Bertelli (2005) Yes Yes Unclear Yes Yes Yes No Yes Yes 7 

Gimeno (2005) Yes Yes Unclear Yes Yes Yes No Yes Yes 7 

Lendoire (2007) Unclear Yes No Yes Yes Yes No Yes Yes 6 

Llado (2007) Yes Yes Yes Yes Yes Yes No Yes Yes 8 

Cho (2008) Yes Yes Yes Yes Yes Yes No Yes Yes 8 

Gao (2009) Unclear Yes No Yes Yes Yes No No Yes 5 

Pan (2009) No Yes No Yes Yes Yes No No Yes 5 

Tao (2009) Yes Yes No Yes Yes No No Yes No 5 

Wu (2009) Yes Yes Unclear Yes Yes Yes No Yes Yes 7 

Doenecke (2010) Yes Yes No Yes Yes Yes No Yes Yes 7 

Englesbe (2010) Yes Yes Yes Yes Yes Yes No No Yes 7 

Rastogi (2010) Unclear Yes Unclear Yes No Yes No No Yes 4 

Suarez Artacho (2010) Yes Yes No Yes Yes Yes No No Yes 6 

Kim (2011) Yes Unclear No Yes Yes Yes No Yes No 5 

Kim (2011) Yes Yes Yes Yes Yes Yes No No Yes 6 

Ravaioli (2011) Yes Yes Yes Yes Yes No No Yes Yes 7 

Waits (2011) Yes Yes Unclear Yes No No No Yes No 3 

Wu (2011) Yes Yes No Yes Yes Yes No No Yes 6 

Di Benedetto (2012) No Yes No Yes Yes No No No No 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Supplementary Table III. Publication bias by Egger tests 

Groups or subgroups Egger: bias (95% confidence interval) 

P 

value Publication bias 

Survival in the total LT recipients with PVT   

In-hospital survival 1.951 (-0.243 to 4.144) 0.071 Statistically significant 

1-month survival -0.278 (-20.504 to 19.948) 0.958 Not statistically significant 

1-year survival 0.225 (-1.356 to 1.806) 0.766 Not statistically significant 

5-year survival -0.11 (-9.742 to 9.508) 0.972 Not statistically significant 

Survival in the LT recipients with partial PVT 

In-hospital survival N/A   

1-month survival N/A   

1-year survival N/A   

5-year survival N/A     

Survival in the LT recipients with complete PVT 

In-hospital survival N/A     

1-month survival N/A     

1-year survival 0.746 (-8.626 to 10.118) 0.765 Not statistically significant 

5-year survival N/A     

Survival in the LT recipients with PVT from high-quality studies 

In-hospital survival N/A   

1-month survival N/A   

1-year survival -0.556 (-2.499 to 1.387) 0.4952 Not statistically significant 

5-year survival 3.531 (-17.859 to 24.921) 0.551 Not statistically significant 

Survival in the studies where LT was performed before the year 2000 

In-hospital survival N/A     

1-month survival N/A     

1-year survival N/A     

5-year survival N/A     

Survival in the studies where LT was performed after the year 2000 

In-hospital survival N/A   

1-month survival N/A   

1-year survival 1.987 (-0.461 to 4.434) 0.082 Statistically significant 

5-year survival N/A     

Abbreviations: N/A, not available. 

 

 

 

 

 


