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Abstract
Background and Aims: The association between prognosis of variceal bleeding and portal vein thrombosis
(PVT) is unclear. In this multicentre study, we determined the effect of PVT on rebleeding and mortality in
patients with acute variceal bleeding (AVB) after oesophageal variceal band ligation (EVL).

Methods: Cirrhotic patients with AVB who had undergone EVL were included. The patients were allocated to
either the PVT group or the control cirrhotic group (CCG) based on the presence or absence of PVT. One-year
rebleeding episodes and mortality after EVL were recorded.

Results: A total of 218 cirrhotic patients with AVB from 3 centres were included. Patients with PVT had a higher
rate of 14-day and 6-week rebleeding than those without PVT (14-day: 8.26% vs. 1.83%, p = 0.03; 6-week:
11.92% vs. 1.83%, p = 0.003). The rates of 5-day failure (3.67% vs. 0.92%, p = 0.175), 1-year rebleeding (21.10%
vs. 20.18%, p = 0.867), and 14-day, 6-week, and 1-year mortality were similar between the groups (14-day: 3.67%
vs. 0.92%, p = 0.175; 6-week: 3.67% vs. 0.92%, p = 0.175; 1-year: 3.67% vs. 1.83%, p = 0.408). The Child-Pugh
class [p = 0.022, hazard ratio (HR): 1.453; 95% con�dence interval (CI): 1.056–1.998], PVT (p = 0.050, HR: 4.622,
95% CI: 0.999–21.395), albumin < 30 g/L (p = 0.023, HR: 5.886, 95% CI: 1.272–27.245), and number of bands
(p = 0.010, HR: 1.207, 95% CI: 1.046–1.393) were identi�ed as the predictors for 14-day rebleeding; the
multivariate analysis revealed only the number of bands (p = 0.009, HR: 1.247, 95% CI: 1.056–1.473) as the
independent factor. PVT (p = 0.012, HR: 6.732, 95% CI: 1.519–29.835) and albumin < 30 g/L (p = 0.027, HR:
3.643, 95% CI: 1.160–11.441) were identi�ed as predictors for 6-week rebleeding; however, only PVT (p = 0.015,
HR: 6.380, 95% CI: 1.427–28.515) was found to be the independent factor in the multivariate analysis. Further
analysis showed that superior mesenteric vein (SMV) thrombosis is the only risk factor predicting 6-week
rebleeding in patients with PVT (p = 0.032, HR: 3.405, 95% CI: 1.112–10.429).

Conclusions: PVT was associated with high 14-day and 6-week rebleeding in patients after EVL. SMV
thrombosis was the only risk factor for 6-week rebleeding in patients with PVT. High albumin levels may serve
as a protective factor for the 14-day and 6-week rebleeding risk. PVT was not responsible for mortality after EVL
during 1-year follow-up.

Introduction
Acute variceal bleeding (AVB) is a serious complication of liver cirrhosis, with a high risk of rebleeding and
mortality. Despite the appropriately administered resuscitation measures such as oxygen inhalation, �uid
resuscitation, blood transfusions, and medication administration, along with balloon tamponade or emergency
endoscopic treatment, or even transjugular intrahepatic portosystemic stent-shunt (TIPSS) or surgery, when
necessary, the in-hospital rebleeding and mortality rates were reported to be 20.3% and 10.6%, respectively, in a
study[1]. The mortality rate at 6 weeks was reported to be 10%–20%[2], and the 1-year AVB recurrence rate was
reported to be approximately 60% in patients without prophylactic treatment[3]. Studies have recommended
using oesophageal variceal band ligation (EVL) for acute EV bleeding[2, 4].

Portal vein thrombosis (PVT) is a critical and frequent complication of liver cirrhosis. It is de�ned as the
formation of thrombus in the portal vein trunk involving right and/or left branches, which may extend to the
superior mesenteric vein (SMV) and splenic vein (SV)[5].The prevalence of nonmalignant PVT increases with
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the degree of liver failure, usually ranging from 0.6% to 23%[7-8].In patients with cirrhosis, PVT is closely
associated with static portal blood �ow from advancing portal hypertension (PH)[6]. Abdominal surgery and
invasive procedures, especially splenectomy and endoscopic sclerotherapy, can effectively promote the
development of PVT[7].

Hepatic vein pressure gradient (HVPG) is the gold standard for diagnosing PH[9]. It helps in determining the risk
of the development of varices and �rst or recurrent bleeding[10]. A HVPG of ≤12 mm Hg indicates no bleeding
risk [11]. In patients who have had an episode of variceal bleeding, HVPG ≥ 20 mm Hg indicates the risk of
early rebleeding and death[10]. However, the procedure for HVPG measurement is invasive and expensive and is
associated with potential complications. A recent study reported that HVPG increased from 5 (0–12) mm Hg to
8 (0–14) mm Hg after portal vein embolisation in patients with liver cancer. Similarly, elevated HVPG can be
caused by PVT-induced obstruction of portal venous �ow, often in�uencing the risk strati�cation of variceal
bleeding.

The association between variceal bleeding prognosis and PVT is poorly understood. Lee et al. concluded that
PVT did not considerably affect the incidence of rebleeding[12]. Amitrano et al. highlighted that PVT favoured
the relapse of oesophageal varices, but rebleeding can be effectively prevented using standard scheduled band
ligations[13]. However, other studies have reported that PVT increased the risk of 5-day failure and results in
elevated rebleeding risk at 14 days and 6 weeks in cirrhotic patients with AVB [14-17].Zhang et al. reported that
the 1-year mortality rate did not differ signi�cantly between patients with and without PVT[7]. Trebicka et al.
found that although PVT increased the 6-week and 1-year mortality rate, it was not an independent risk
factor[17].

Limited data are available to con�rm that PVT is associated with a high rate of rebleeding and poor outcomes
for AVB after EVL, independent of the severity of liver disease. Moreover, no consensus is available regarding an
effective treatment for patients with both AVB and PVT.

In this retrospective multicentre study, we determined the effect of PVT on rebleeding and mortality in patients
with AVB after EVL. Additionally, we explored the risk factors for rebleeding and death in these patients.

Methods
Patients

This retrospective analysis included data of consecutive patients with AVB treated at Qilu Hospital of Shandong
University Chinese People’s Liberation Army No. 960 Hospital and Liaocheng People’s Hospital between
January 2016 and December 2019. Eligibility criteria for the patients were: (1) liver cirrhosis (diagnosed by
clinical presentations, laboratory tests, images examination, or liver biopsies[18]), (2) age between 18 and 80
years, (3) endoscopy-proven variceal bleeding (VB) and treatment with EVL and/or gastric variceal obturation,
and (4) completion of at least 6 weeks of follow-up. The time frame for an acute bleeding episode should be
120 h (5 days), according to Baveno V criteria[19]. Patients with previous treatment with EVL plus nonselective
beta‐blockers (NSBBs); TIPSS placement or liver transplantation; hepatocellular carcinoma or other
extrahepatic malignancy; myeloproliferative disease and non-cirrhotic PH; and treatment with anticoagulation
were excluded. The included patients were allocated to either the PVT group or the control cirrhotic group (CCG)
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based on the presence or absence of PVT. When a patient with PVT was included, the next cirrhotic patient
admitted and comparable for age (±5 years), sex, and Child-Pugh class was chosen as ‘control’. Prophylactic
antibiotics, vasoactive drugs, and proton pump inhibitors (PPIs) were administered to all the patients with
cirrhosis presenting with upper gastrointestinal (GI) bleeding at admission. The patients were advised to
continue using PPI even after discharge.

Clinical and laboratory data

Demographic data of the included patients, such as age, sex, Child-Pugh score, and primary cause of cirrhosis,
were obtained. In addition, details on the history of splenectomy or partial splenic embolism (PSE) and AVB
were obtained. Clinical ascites was classi�ed as absent or present. Routine blood tests, including platelet count,
haemoglobin, prothrombin time, serum albumin, serum creatinine, international normalised ratio (INR), D-dimer,
and bilirubin, were performed at admission. The model for end-stage liver disease score (MELD) was calculated
according to the United Network for Organ Sharing formula[20].Packed red blood cell transfusion and albumin
infusion were conservatively performed before the �rst EVL until the target levels for haemoglobin (70–80 g/L)
and albumin (≥30 g/L) were achieved.

Endoscopic data

EVL was performed in all the patients as soon as the hemodynamic stability was achieved. Endoscopic tissue
adhesives were administered to patients with gastroesophageal varices, if required. According to the Japanese
Research Society for Portal Hypertension classi�cation, endoscopic �ndings of esophagogastric varices were
recorded as follows: 1) location: locus superior (Ls) varices, locus medialis (Lm) varices, and locus inferior (Li)
varices; 2) form: F1, F2, or F3; 3) red signs: red whale marks, cherry red spots, or haematocysts; 4) bleeding
signs: gushing bleeding, spurting bleeding, oozing bleeding, red plug, or white plug[21]. Gastric varices were
classi�ed according to the method of Sarin et al[22]. Tissue adhesives, such as N-butyl cyanoacrylate, are
recommended for acute bleeding combined with gastric varices. In the included patients, other gastrointestinal
lesions, such as peptic ulcer and portal hypertensive gastropathy, were also recorded. EVL was performed using
Cook or Boston Scienti�c Medi-Tech. The operator decided the number of bands based on varices with signs of
bleeding and red plug. EVL was performed every 14–21 days until eradication, evidence of varices not suitable
for banding, death, or conversion treatment (liver transplantation, splenectomy, or PSE).

Assessment of PVT

PVT was diagnosed using contrast-enhanced computed tomography scanning or magnetic resonance
angiography before endoscopy. Diagnosis was based on the absence of blood �ow in part or whole of the
lumen of the splenoportomesenteric axis, with the presence of solid material in the vein. Based on the location,
PVT was classi�ed into 3 types[23]: type 1, PVT only in the portal trunk; type 2, PVT only in the portal branch;
and type 3, PVT both in the trunk and branches. The degree of portal venous system occlusion was classi�ed
as occlusive (no visible �ow in the PV lumen in the imaging) or non-occlusive (visible �ow in the PV lumen in
the imaging). The extent of portal vein system occlusion was classi�ed as SV, SMV, or both [23]. In addition, the
PVT duration was classi�ed as chronic or recent. Chronic PVT was de�ned as previously diagnosed PVT (>3
months) or portal cavernoma, whereas recent PVT was de�ned as the latest �rst PVTs detected (<3 months),
with no indication of chronic PVT[7].
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Study endpoints and de�nitions

The primary endpoint was rebleeding after the �rst EVL, and the secondary endpoint was all-cause mortality.
Failure to control bleeding (FTCB) was de�ned as the inability to achieve a 24-h bleed-free period after
endoscopic treatment. Rebleeding was de�ned as any signi�cant upper GI bleeding (i.e. with a ≥2g drop in
haemoglobin and need for re-endoscopy) occurring after a 24-h period of stable vital signs and haemoglobin
post treatment. The 5-day failure was a composite outcome, which included death, FTCB, and rebleeding within
5 days. Moreover, 14-day, 6-week, and 1-year rebleeding was de�ned as FTCB or rebleeding within 14 days, 6
weeks, and 1 year of EVL, respectively. Mortality was de�ned as death from all causes of illness related to liver
dysfunction after EVL.

Follow-up

The date of entry was the date of �rst EVL. The patients were regularly followed up for 1 year until death,
conversion treatment (liver transplantation, splenectomy, or PSE), or end of follow-up. None of the patients with
PVT were prescribed anticoagulant therapy during the follow-up period to avoid an enhanced bleeding risk.

Statistical analysis

All data were analysed using IBM SPSS Statistical 21.0 (SPSS, Chicago, IL, US). Quantitative data are
expressed as mean ± SD and were compared using the Student t-test. Categorical variables were assessed
using the chi-square test. The Kaplan–Meier analysis was used to estimate the cumulative risk of rebleeding
and probability of survival, whereas the log-rank test was used to compare differences between the groups.
Univariate and multivariate Cox regression analyses were used to identify independent predictors for 14-day
and 6-week rebleeding. Potential risk factors and factors with p < 0.1 in the univariate Cox regression analysis
were included in the multivariate analysis to analyse the hazard ratios (HRs). All tests were two sided, and a p
value < 0.05 was considered statistically signi�cant.

Results
Baseline characteristics and PVT prevalence in patients with AVB at admission

A total of 1376 patients were diagnosed as having liver cirrhosis with AVB. As shown in Figure 1, 744 patients
met the exclusion criteria and the remaining 632 patients were included in the study. Of the included patients,
109 (17.25%) patients had PVT. In addition, 109 patients were allocated to the CCG based on admission time,
age, sex, and Child-Pugh class. Baseline characteristics of the included patients are summarised in Table 1.
PVT occurred more commonly in the portal vein trunk (71.56%) and was often non-occlusive (89.91%) and
recent (84.40%). Most PVTs were resident (59.63%), whereas some extended into the SMV (27.52%), SV
(7.34%), or both mesenteric and splenic veins (5.50%). Importantly, a history of splenectomy or PSE was
signi�cantly more common in patients with PVT (36.70% vs. 15.60%; p = 0.000). However, no signi�cant
difference was observed in the AVB history (45.87% vs. 36.68%; p = 0.169) and incidence of ascites (66.97% vs.
65.14%; p = 0.775) between the groups. On comparing the endoscopic feares at admission, we noted that the
PVT group had signi�cantly more Ls varices (55.05% vs. 33.94%; p = 0.002) and number of bands (11.41 ± 3.29
vs. 9.84 ± 3.73; p = 0.001).
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Rebleeding and mortality after EVL

Patients with PVT had a higher rate of 14-day and 6-week rebleeding than those without PVT (14-day
rebleeding: 8.26% vs. 1.83%, p = 0.03; 6-week rebleeding: 11.92% vs. 1.83%, p = 0.003; Table 2). Similarly, the
cumulative risk of rebleeding was signi�cantly higher in the PVT group at 14 days [p by log-rank test = 0.031;
HR: 4.622, 95% con�dence interval (CI): 0.999–21.395, p = 0.050] and 6 weeks (p by log-rank test = 0.004; HR:
6.732, 95% CI: 1.519–29.835, p = 0.012; Figure 2 A, B). The rates of 5-day failure (3.67% vs. 0.92%, p = 0.175); 1-
year rebleeding (21.10% vs. 20.18%, p = 0.867); 14-day, 6-week, and 1-year mortality (14-day: 3.67% vs. 0.92%, p
= 0.175; 6-week: 3.67% vs. 0.92%, p = 0.175; 1-year: 3.67% vs. 1.83%, p = 0.408) were similar between the
groups (Table 2).

Of the patients with rebleeding at 6 weeks, 2 patients had bleeding due to FTCB within 24 h of EVL and 1
patient died. Seven patients had postbanding ulcer bleeding (PBUB) between 3 and 10 days, 2 patients received
a second EVL, 1 patient was transferred to the intensive care unit (ICU) for further treatment, and 4 patients
were administered antibiotics, vasoactive drugs, and PPIs (of whom 3 died). Two patients had bleeding from
gastric varices 20 days after EVL and received tissue adhesives. Two patients had oesophageal varice
rebleeding 30 days after EVL and received a second EVL. Two patients had bleeding, but they refused a second
endoscopy; the cause of rebleeding in these patients was unclear, and 1 of the patients died on day 3. The
possible causes of rebleeding and mortality within 6 weeks of EVL are summarised in Table 3.

Risk factors for 14-day and 6-week rebleeding

The Child-Pugh class (p = 0.022, HR: 1.453, 95% CI: 1.056–1.998), PVT (p = 0.050, HR: 4.622, 95% CI: 0.999–
21.395), albumin < 30 g/L (p = 0.023, HR: 5.886, 95% CI: 1.272–27.245), and number of bands (p = 0.010, HR:
1.207, 95% CI: 1.046–1.393) were identi�ed as the predictors for 14-day rebleeding. The multivariate analysis
revealed the number of bands (p = 0.009, HR: 1.247, 95% CI: 1.056–1.473) as an independent factor (Table 4).
PVT (p = 0.012, HR: 6.732, 95% CI: 1.519–29.835) and albumin < 30 g/L (p = 0.027, HR: 3.643, 95% CI: 1.160–
11.441) were identi�ed as predictors for 6-week rebleeding, whereas PVT (p = 0.015, HR: 6.380, 95% CI: 1.427–
28.515) was found to be an independent factor in the multivariate analysis (Table 5). Albumin appeared to be a
protective factor for the 14-day and 6-week rebleeding risk.

Characteristics of the patients with 6-week rebleeding (n = 13) and no rebleeding (n = 96) in the PVT group were
further analysed. The primary clinical and biochemical parameters, including MELD score and endoscopic data,
were similar between the groups, except for the SMV thrombosis rate, which was signi�cantly higher in patients
with rebleeding (p = 0.020; Table 6). SMV thrombosis was found to be the only factor predicting 6-week
rebleeding in patients with PVT in the univariate Cox regression analysis (p = 0.029, HR: 3.484, 95% CI: 1.139–
10.655), as well as in the multivariate Cox regression analysis (p = 0.032, HR: 3.405, 95% CI: 1.112–10.429;
Table 7).

Discussion
Non-neoplastic PVT is a common complication of liver cirrhosis. A study reported that 17.3% of patients with
AVB have PVT[16],which is in line with our results (17.25%). In our study, non-occlusive thrombosis was present
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in 89.91% (98/109) patients with PVT. Moreover, PVT had mostly occurred recently, and 90.83% of PVTs had
occurred in the portal vein trunk alone or both in the trunk and branches.

For the �rst time, we comprehensively analysed the effect of PVT on rebleeding and mortality in patients with
AVB after EVL. We found that PVT is associated with high 14-day and 6-week rebleeding after EVL. SMV
thrombosis was found to be the only risk factor for 6-week rebleeding in patients with PVT.

Only a few studies have reported that the 5-day failure and 14-day and 6-week rebleeding rates are higher in
cirrhotic patients with PVT than in those without PVT[12, 14, 16, 24]. However, those studies did not exclude
patients with hepatocellular carcinoma, and the number of patients with PVT was small. In this multicentre
study, we enrolled 109 cirrhotic AVB patients with PVT and excluded patients with hepatocellular carcinoma or
those with a treatment history of EVL + NSBBs. Our results also revealed higher rates of 5-day failure and 14-
day, 6-week, and 1-year rebleeding in patients with PVT, although only the 14-day and 6-week rebleeding rates
were found to be signi�cantly higher.

VB is a clinical emergency requiring immediate and intensive intervention. The �rst 5 days is considered the
most crucial period for prognosis because most adverse events occur during this time[24]. All unfavourable
outcomes (i.e. death, FTCB, and rebleeding within 5 days) were included in a complex variable de�ned as the 5-
day failure. Amitrano et al. found that PVT is an independent predictor for the 5-day failure[16]. Although we
observed a higher rate of 5-day failure in the PVT group, the difference was not signi�cant because of a few
events. This �nding indicated that the combination treatment with endoscopy and pharmacologic agents is
effective for AVB with PVT and helps achieve control of initial bleeding in 96.33% patients.

Baveno VI Consensus Workshop recommends 6-week mortality as the primary endpoint for AVB studies. Lee et
al. found that[12]70% of the patients died 6 weeks after initial EV bleeding because of rebleeding and that most
instances (71.43%) of rebleeding occurred within 14 days of EV bleeding cessation. This result is similar to
those of other studies[15-16]. In our study, 73% (11/15) rebleeding occurred within 14 days of 6 weeks after the
initial bleeding cessation. Rebleeding after EVL was mostly due to post-ligation ulcer (7/11), which occurred
within 3–10 days of EVL. The incidence of PBUB was 3.21% in total, which is in line with a previously reported
incidence rate of 2.6%–7.3%[25]. Despite the low incidence, PBUB was di�cult to manage and resulted in high
mortality (42.86% in our study). Of the 7 patients with PBUB, 2 patients received a second EVL, and 1 patient
was transferred to the ICU for further treatment; all of these patients survived. Furthermore, of the 4 patients
who were administered antibiotics, vasoactive drugs, and PPIs, 3 patients died. These results indicate that a
second EVL and intensive care may be effective.

The Child-Pugh score, albumin < 30 g/L, PVT, and number of bands were associated with 14-day rebleeding,
and the number of bands was the only risk factor predicting 14-day rebleeding (p = 0.009). This �nding is in
accordance with previous studies that have revealed a greater risk of early rebleeding in patients with a greater
number of bands[12, 26] and can be ascribed to two reasons: �rst, placing more bands involves more surface
area of mucosal injury and postbanding ulcers, causing a high risk of early rebleeding; second but more
importantly, a greater number of bands indicates more extensive varices, with signs of bleeding and red plug,
which indirectly re�ects higher PH and risk of rebleeding in the future.
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The most important and clinically relevant �ndings of this study were that PVT and albumin < 30 g/L were
predictors for 6-week rebleeding and that PVT was an independent predictor. Published studies have reported
that the serum bilirubin levels[27], size of varices[27], haemoglobin[17], PVT[16-17, 28], and Child-Pugh class
C[15-16] are the predictors signi�cantly associated with rebleeding after EVL. However, in our study, no
signi�cant differences were observed between rebleeding and no rebleeding in terms of the aforementioned risk
factors, except PVT. Additionally, other parameters such as aetiology, ascites, and serum creatinine had no
signi�cant effect on the incidence of rebleeding.

Importantly, in our study, a signi�cantly higher rate of splenectomy or PSE history was observed in the PVT
group (p = 0.000), whereas the history of AVB was similar between the groups. Previously, AVB was treated with
a combination of endoscopy and pharmacological agents. Patients with splenomegaly and associated
hypersplenism with a Child-Pugh A/B classi�cation are typically treated with splenectomy or PSE later[29]. The
enhanced rate of splenectomy or PSE history in the PVT group suggested higher PH, with splenomegaly and the
associated hypersplenism as the characteristic features[30]. Both static portal blood �ow from advancing PH
and splenectomy can increase the risk of PVT development in patients with cirrhosis[6-7].

Interestingly, we found that albumin < 30 g/L was a rebleeding predictor, although hypoalbuminemia was
corrected to an extent. Hypoalbuminemia was assumed to be an indicator of the severity of liver
dysfunction[24]. It indicated that 6-week rebleeding after EVL is related more to the liver disease than to the
bleeding severity. Albumin is predominantly synthesised in the liver. Treatment with albumin has been widely
used in liver cirrhosis due to its oncotic properties to prevent circulatory dysfunction. Albumin has other
important functions, such as binding capacity and antioxidant and anti-in�ammatory properties. It also
regulates haemostasis, vasodilatation, and acid–base homeostasis[31]. In our study, albumin appeared to
protect against 6-week rebleeding risk after EVL. Bacterial infection is a critical determinant of rebleeding in
cirrhosis as it increases the portal pressure through vasoactive substances[32]. The effect of albumin on
systemic in�ammation can help reduce bleeding by preventing bacterial infection. Recently, Wang et al.[32]
found that albumin infusion is associated with a low risk of rebleeding and in-hospital deaths in cirrhosis with
acute gastrointestinal bleeding; however, more studies are required to con�rm this �nding.

On further analysis, we found that the absence of SMV thrombosis is the only independent predictor for 6-week
rebleeding in patients with PVT. To the best of our knowledge, this study is the �rst to describe the prevalence of
SMV thrombosis and its association with 6-week rebleeding in patients with AVB after EVL. This may be
because obstruction of portal venous in�ow was only partial in most of our patients (89.91%). The
development of extensive portosystemic collaterals may limit PH exacerbation and reduce liver blood perfusion.
However, in the setting of SMV thrombosis, the blood �ow into the liver is reduced, which induces intestinal
oedema, bacterial translocation, and liver dysfunction, ultimately leading to an increased rebleeding rate after
EVL. Even TIPSS also had a high failure and shunt dysfunction in this population[33]. Anticoagulation therapy
is the preferred �rst-line therapy. Importantly, occlusive PVT did not increase the risk of rebleeding in our study
(p = 0.760), possibly because of the presence of a cavernoma and/or venous collateralisation. However, more
studies are required to validate this �nding.

The synthesis of most factors involved in coagulation and �brinolysis process is known to be impaired in
patients with cirrhosis due to reduced liver function and platelet count secondary to PH in these patients. The
typical markers of hepatic coagulopathy, including reduced platelet count (and function) and elevated INR, were

https://fanyi.so.com/?src=onebox#%20suggest
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found to have no in�uence on early rebleeding in the studies by Lee and Drolz[12, 27]. These �ndings are in line
with our results and imply that the coagulopathy status may play a minor role in early rebleeding. However,
most clinicians are unsure whether the anticoagulation therapy is safe for patients with cirrhosis. A series of
studies were conducted recently, and most of these studies found that the anticoagulation therapy in patients
with cirrhosis is safe as well as effective (i.e. 62.5%–70% of patients reach partial or complete recanalisation,
the incidence of PH complications and rate of thrombosis progression are reduced, liver function is improved,
and survival is prolonged), if VB prophylaxis is performed well[34-38]. Data regarding the role of anticoagulant
therapy and EVL-associated bleeding complications are unavailable to date. Therefore, a consensus regarding
the e�cacy of anticoagulation therapy for AVB combined with PVT is lacking, and more studies on this aspect
are warranted.

Studies have reported that PVT is not associated with long-term (1-year) rebleeding[13] or increased mortality[7,
17, 39] among patients with cirrhosis. In this study, we found no signi�cant difference in 1-year rebleeding
between the groups, and the �nding could be attributed to several factors. First, obstruction of portal venous
in�ow is only partial in most patients, and its impact on exacerbating PH and reducing liver blood perfusion
requires a precise assessment. Second, approximately 30%–50% of patients with PVT can achieve
spontaneous recanalisation, as revealed in a series of studies[35, 40-41], and the actual impact of PVT on
clinical outcome in the long term remains unclear. The mortality rates were similar between the groups in our
study. According to a systematic review by Qi et al.[42] liver dysfunction plays a crucial role in the prediction of
survival in cirrhotic patients with PVT.

In our study, the rates of rebleeding and mortality at 6 weeks were lower than those reported in previous
studies[4, 17]. This �nding could be attributed to the following reasons: �rst, new medications and techniques
have been developed recently to effectively decrease PH and prevent rebleeding; second and more importantly,
it was the �rst EVL for our patients; more than half of our patients had never had a bleeding before and 90% of
the patients were having a Child-Pugh class A or B; third, patients with hepatocellular carcinoma, which has
been reported to be associated with the prognosis of patients who have experienced an episode of variceal
bleeding[26, 43-45]were excluded from our study. Rebleeding occurred in 21.10% and 20.18% of patients with
PVT and CCG, respectively, at 1 year. These rates are higher than those (11.9% vs. 9.5%) reported by Amitrano et
al.[13]. The higher rate could be because of the following reasons: our study included a small number of
patients with FTCB; NSBBs were not used in patients because it could increase the risk of PVT in cirrhotic
patients; and anticoagulant therapy was not administered to patients with PVT as it could elevate the risk of
bleeding. According to a systematic review and meta-analysis, the use of NSBBs increases the PVT risk by 4.62
folds in patients with cirrhosis[46].

Our study has several strengths. In this multicentre study, we enrolled 109 cirrhotic AVB patients with PVT and
excluded those with a history of EVL + NSBBs or hepatocellular carcinoma. To clarify whether PVT is
associated with poor outcomes independent of the severity of liver disease, the control group patients were
matched to the study group patients in terms of Child-Pugh class, age, and sex. Subsequently, the baseline
values of bilirubin, albumin, Child-Pugh score and MELD score, which are the possible independent predictors
for poor outcomes,[42] were similar between the groups. Therefore, our result indicating the association of PVT
with a high rate of 6-week rebleeding after EVL appears convincing. Moreover, we identi�ed the prevalence and
characteristics of AVB patients with PVT and discovered SMV thrombosis as an independent risk factor for 6-
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week rebleeding in the PVT group. Furthermore, albumin appeared to serve as a protective factor for the 6-week
rebleeding risk. Albumin infusion may improve the prognosis of patients with AVB after EVL.

This study has certain limitations. First, the retrospective study design, which has its inherent disadvantages.
However, our study comprised a large number of patients and procedures from 3 teaching hospitals. All data
were documented in the patient data management systems in a prospective manner and extracted later for the
analysis. Second, although the ‘control’ group was selected on the basis of admission time, comparable age,
sex, and Child-Pugh class, we cannot completely rule out the selection bias. However, the inclusion of a larger
number of CCG patients would increase the complexity of the study. Third, the incidence of rebleeding and
death was low, which could have reduced the statistical power. Therefore, more multicentre, prospective studies
are warranted for further analysis. Finally, the determining factor of VB was PH. It is a dynamic pathology
regulated by complex interactions among the injured hepatocytes, sinusoidal endothelial cells, Kupffer cells,
and hepatic stellate cells, which impact the sinusoidal calibre. In�ammation may be a key mediator[47].
However, we did not study the effect of in�ammation on rebleeding because of the low infection rate in the
patients possibly due to the use of antibiotics.

In conclusion, PVT was associated with a high rate of 14-day and 6-week rebleeding in patients after EVL. SMV
thrombosis was the only risk factor for 6-week rebleeding in patients with PVT. High albumin levels possibly
served as a protective factor for the 14-day and 6-week rebleeding risk. PVT was not responsible for mortality
after EVL during the 1-year follow-up. Further studies are warranted to investigate the role of anticoagulant
therapy and EVL-associated bleeding complications and the bene�t of albumin infusion in reducing rebleeding
risk in patients with AVB after EVL.
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Tables
Table 1 Clinical and endoscopic features of cirrhotic patients with and without portal vein
thrombosis
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variables PVT(n=109)  CCG n=109) p value

Age(y),mean±SD 53.72±10.82 54.15±10.89 0.606
Male,n(%) 59 54.13 59 54.13  
 Etiology,(n, %) 
Viral
HBV
HCV  
Others
  Alcoholic 
Autoimmune
Unknown

 
64 58.72
55 50.46
9 8.26
45 41.28
6 5.50
3 2.75
36 33.03

 
56 51.38
51 46.79
5 4.59
53 48.62
19 17.43
7 6.42
27 24.77

0.276

Ascites, n(%) 73 66.97 71 65.14
 

0.775

Splenectomy/PSE history,n (%)  40 36.70 17 15.60 0.000
Previous bleeding, n (%)  50 45.87 40 36.68 0.169
Platelet count (10^9/L),mean±SD 127.63±112.72 108.21±68.41 0.140
Haemoglobin (g/l),mean±SD 77.50±22.71 79.29±23.09 0.560
INR,mean±SD 1.30±0.28 1.29±0.27 0.732
PT(s),mean±SD 14.87±2.99 14.67±2.73 0.496
Serum bilirubin(μmol/l),mean±SD 24.55±19.88 25.71±22.06 0.660
Serum albumin (g/l),mean±SD 30.98±6.11 30.70±6.04 0.656
D dimer mg/L ,mean±SD 2.54±3.69 1.83±2.34 0.096
Serum creatinine (μmol/l),mean±SD 63.67±23.35 65.49±26.82 0.542
Child-Pugh class,n(%)
A
B
C

 
34(31.19)
64(58.72)
11(10.09)

 
34(31.19)
64(58.72)
11(10.09)

 

Child-Pugh score,mean±SD 7.49±1.56 7.38±1.63 0.241
MELD score,mean±SD 10.54±3.37 10.67±3.27 0.707
location of esophageal varices,n(%)
Ls
Lm-i

 
60 55.05
49 44.95

 
37 33.94
72 66.06

0.002

Form of esophageal varices,n(%)
F1
F2
F2 with red signs
F3
F3 with red signs

 
0
3 2.75
3 2.75
6 5.50
97 88.99

 
0
2 1.83
9 8.26
6 5.50
92 84.40

0.406
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Gushing/Spurting/oozing/red plug/white plug 14(12.84) 11(10.09) 0.524
Gastric Varices,n(%)
GOV-1
GOV-2
GOV-3

 
50 45.87
44 40.37
7 6.42

 
61 55.96
38 34.86
5 4.59

0.465

PHG n(%) 69 63.30 61 42.20 0.269
Number of bands,mean±SD 11.41±3.29 9.84±3.73 0.001
Site of PVT,n(%)
Only trunk 
Only branch
Trunk and branches 

 
78(71.56)
10(9.17)
21(19.27)

   

degree of PVT,n(%)
Occlusive
Non-occlusive

 
11(10.09)
98(89.91)

   

Duration of PVT,n(%)
Recent
Chronic

 
92(84.40)
17(15.60)

   

Extent of PVT, n (%)
PV alone 
Extension into SV 
Extension into SMV
Extension into SV and SMV

 
65(59.63)
8(7.34)
30(27.52)
6(5.50)

   

CCG: cirrhotic control group; PSE: partial splenic embolisis; Ls: locus superior; Lm: locus medialis;
 Li: locus inferior; GOV-1: Gastroesophageal Varices type 1; GOV-2: Gastroesophageal Varices type
2; GOV-3: GOV-1 and GOV-2; PHG: portal hypertensive gastropathy. PVT: portal vein thrombosis; SV:
splenic vein; SMV: superior mesenteric vein.
 
Table 2: bleeding and mortality after EVL
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Time Total (n=218) PVT (n=109) CCG (n=109) p value

5-day failure,n(%) 5(2.29) 4(3.67) 1(0.92) 0.175
FTCB,n(%) 2(0.92) 2(1.83) 0  
5-day rebleeding,n(%) 3(1.38) 2(1.83) 1(0.92)  
5-day mortality,n(%) 2(0.92) 1(0.92) 1(0.92)  
14-day bleeding,n(%) 11(5.05) 9(8.26) 2(1.83) 0.030
14-day mortality,n(%) 5(2.29) 4(3.67) 1(0.92) 0.175
6-week bleeding,n(%) 15(6.88) 13(11.92) 2(1.83) 0.003
6-week mortality,n (%) 5(2.29) 4(3.67) 1(0.92) 0.175
1-year bleeding,n(%) 45(20.64) 23(21.10) 22(20.18) 0.867
1-year mortality,n(%) 6(2.75) 4(3.67) 2(1.83) 0.408

FTCB: failure to control bleeding; PVT: portal vein thrombosis; CCG: cirrhotic control group.

Table 3: Reason of bleeding and mortality within 6 weeks after EVL

Reason bleeding mortality
  Total(n=218) PVT(n=109) CCG(n=109) Total(n=218) PVT(n=109) CCG(n=109)
FTCB 2(0.92) 2(1.83) 0 1(0.46) 1(0.92) 0
PBUB  7(3.21) 6(5.50) 1(0.92) 3(1.38) 3(2.75) 0
gastric
varices

2(0.92) 2(1.83) 0 0 0 0

esophageal
varices

2(0.92) 2(1.83) 0 0 0 0

undefined 2(0.92) 1(0.92) 1(0.92) 1(0.46) 0 1(0.92)
Total 15(6.88) 13(11.93) 2(1.83) 5(2.29) 4(3.67) 1(0.92)

FTCB: failure to control bleeding ; PBUB: post-banding ulcer bleeding 

Table 4: Competing risk factor of 14-day bleeding in all patients
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variables Univariate
analysis

  Multivariate
analysis

 

HR (95%Cl) P value HR (95%Cl) p value

Child-Pugh score 1.453(1.056-
1.998)

0.022 1.419(0.916-
2.198)

0.117

Albumin<30g/L 5.886(1.272-
27.245)

0.023 3.445(0.664-
17.888)

0.141

INR 2.825(0.837-
9.534)

0.094 0.852(0.131-
5.558)

0.867

PVT 4.622(0.999-
21.395)

0.050 4.536(0.961-
21.417)

0.056

Gushing/Spurting/oozing/red
plug/white plug

3.100 0.822-
11.688

0.095 2.636(0.649-
10.709)

0.175

Number of bands 1.207(1.046-
1.393)

0.010 1.247(1.056-
1.473)

0.009

INR: international normalized ratio; PVT: portal vein thrombosis.
 
Table 5: Competing risk factor of 6-week bleeding in all patients

variables Univariate analysis   Multivariate analysis  

HR (95%Cl) P value HR (95%Cl) p value

Child-Pugh score 1.284 0.968-1.704 0.083 1.178 0.806-1.721 0.398
Albumin<30g/L 3.669 1.168-11.523 0.026 3.040(0.562-16.442) 0.197
PVT 6.799 1.534-30.133 0.012 6.335 1.415-28.371 0.016
Number of bands 1.134 0.994-1.293 0.062 1.114 0.969-1.281 0.130

PVT: portal vein thrombosis.
 
Table 6: Comparison of clinical and endoscopic characteristics in patients stratified according to

post-EVL esophageal varices bleeding in PVT group
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variables the bleeding 
(n=13)

the not-bleeding
n=96)

p value

Age(y),mean±SD 58.08±11.94 53.13±10.59 0.122
Male,n(% 6 46.2 53 55.2 0.539
Etiology, n( %) 
Viral
 Others

 
8 61.5
5 38.5

 
56 58.3
40 41.7

0.826

Ascites,n ( %) 10 76.9 63 65.6
 

0.416

Splenectomy/PSE history,n (%)  3 23.1 37 38.5 0.278
Previous bleeding, n (%)  5 38.5 45 46.9 0.568
Platelet count (10^9/L),mean±SD 136.62±118.88 126.42±112.46 0.761
Haemoglobin (g/l),mean±SD 73.47±19.97 78.04±23.09 0.498
INR,mean±SD 1.38±0.27 1.29±0.28 0.703
Serum bilirubin (μmol/l),mean±SD 25.80±29.04 24.38±18.51 0.810
Serum albumin (g/l),mean±SD 28.58±6.04 31.30±6.08 0.132
Albumin<30g/L 9(69.2) 39(40.6) 0.051
Serum creatinine (μmol/l),mean±SD 58.45±11.77 64.38±24.46 0.392
Child-Pugh score,mean±SD 8.00±1.29 7.42±1.59 0.208
MELD score,mean±SD 10.85±2.48 10.50±3.48 0.730
Esophageal Varices,n(%)
F2
F3

 
0
13(100)
 

 
5(5.2)
91(94.8)

0.400

Gushing/Spurting/oozing/red plug/white
plug,n(%)

3(23.1) 11(11.5) 0.240

Gastric Varices,n(%) 11(84.6)
 

90(93.8) 0.236

PHG,n(%) 10 76.9 59 61.5 0.278
Number of bands,mean±SD 11.46±3.02 11.41±3.34 0.955
Site of PVT,n(%)
Only trunk 
Only branch
Trunk and branches

 
10(76.92)
2(15.38)
1(7.69)

 
68(70.83)
8(8.33)
20(20.83)

0.426

Duration of PVT,n(%)
Recent
Chronic

 
12(92.3)
1(7.69)

 
80(83.3)
16(16.67)

0.403

Extent of PVT,n(%)      
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SMV
SV

8(61.5)
3(23.1)

28(29.2)
11(11.5)

0.020
0.240

degree of PVT,n(%)
Occlusive
Non-occlusive

 
1(7.69)
12(92.31)

 
10(10.42)
86(89.58)

0.760

PSE: partial splenic embolism; INR: international normalized ratio; PHG: portal hypertensive
gastropathy; PVT: portal vein thrombosis; SV: splenic vein; SMV: superior mesenteric vein.

Table 7: Competing risk factor of 6-week bleeding in PVT patients
variables Univariate analysis   Multivariate analysis  

HR (95%Cl) P value HR (95%Cl) p value

Albumin<30 g/L 0.933 0.854-1.018 0.120    
Large Varces with red signs 0.329 0.091-1.198 0.092 0.347 0.095-1.264 0.108
SMV thrombosis 3.484 1.139-10.655 0.029 3.405 1.112-10.429 0.032

SMV: superior mesenteric vein.
 

Figures

Figure 1
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Flow chart. Retrospective selection process of patients.

Figure 2

14-day and 6-week cumulative risk of bleeding


