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Abstract

AIM: To evaluate the role of multi-detector row computed tomography (MDCT) angiography for assessing therapeutic effects of percutaneous transhepatic variceal embolization (PTVE) for esophageal varices (EVs).

METHODS: The subjects of this prospective study were 156 patients who underwent percutaneous transhepatic variceal embolization with cyanoacrylate for EVs. Patients were divided into three groups according to the filling range of cyanoacrylate in EVs and their feeding vessels: (1) group A, complete obliteration, with at least 3 cm of the lower EVs and peri-/paraesophageal varices as well as the adventitial plexus of the gastric cardia and fundus filled with cyanoacrylate; (2) group B, partial obliteration of varices surrounding the gastric cardia and fundus and their feeding vessels being obliterated with cyanoacrylate, but the glue not reaching lower EVs; and (3) group C, trunk obliteration, with the main branch of the left gastric vein being filled with cyanoacrylate, but the glue not reaching varices surrounding the gastric cardia or fundus. We performed chart reviews and prospective follow-up using MDCT images, angiography, and gastrointestinal endoscopy. 

RESULTS: The median follow-up period was 34 mo. The rate of eradication of varices for all patients was 56.4% (88/156) and the rate of relapse was 31.3% (41/131). The rates of variceal eradication at 1, 3, and 5 years after percutaneous transhepatic variceal embolization were 90.2%, 84.1%, and 81.7%, respectively, for the complete group; 61.2%, 49%, and 42.9%, respectively, for the partial group; no varices disappeared in the trunk group. The relapse-free rates at 1, 3, and 5 years after percutaneous transhepatic variceal embolization were 91.5%, 86.6%, and 81.7%, respectively, for the complete group; 71.1%, 55.6%, and 51.1%, respectively, for the partial group; and all EVs recurred in the trunk group. The Kaplan-Meier analysis showed P values of 0.000 and 0.000 and odds ratios of 3.824 and 3.603 for the rates of variceal eradication and relapse free rates, respectively. Cyanoacrylate in EVs disappeared with time, but that in the paraesophageal varices and other feeding vessels remained permanently in the vessels without a decrease with time, which is important for the continued obliteration of the feeding vessels and prevention of the relapse of the EVs.

CONCLUSION: MDCT provides excellent visualization of cyanoacrylate obliteration in EV and their feeding veins after PTVE. It confirms that PTVE is effective for treating EVs. 
© 2013 Baishideng. All rights reserved.
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INTRODUCTION

Percutaneous transhepatic variceal embolization (PTVE) was introduced in the 1970s to manage esophageal varices (EVs)[1,2], but this approach has not attained widespread clinical acceptance because of the associated high rebleeding rate[3-5]. PTVE with cyanoacrylate is a modified procedure for conventional percutaneous transhepatic obliteration[6-12]. Because both the varices and their feeding vessels are sufficiently and permanently obliterated by cyanoacrylate, this modified PTVE technique has been confirmed as an effective and safe method for preventing EVs rebleeding[11,12]. Multi-detector row computed tomography (MDCT) angiography has significantly improved our understanding of the complex vascular structural changes that occur during portal hypertension[13-18] and their clinical and prognostic significance[19-24]. This technique enables the noninvasive study of the hemodynamic changes in the portal venous system[14] and plays an important role in the treatment and follow-up of esophageal and gastric varices[19,24].

The purpose of this study was to assess the relationship between hemodynamic changes in portosystemic collaterals and long-term results of modified PTVE with cyanoacrylate for patients with EVs using multiplanar reformatted image MDCT imaging.

MATERIALS AND METHODS

Patients

This was a retrospective–prospective follow-up study to evaluate the long-term results of modified PTVE with cyanoacrylate for treating variceal bleeding. Patients with cirrhosis, who had a history of EVs bleeding within 6 mo between January 2005 and December 2011, and who underwent PTVE were selected. A chart review of all patients was performed. We recorded demographic and clinical information, including type of underlying liver disease, liver function tests, and renal function prior to and after PTVE. Liver function was classified on the basis of the Child–Pugh classification. PTVE was performed as a rescue maneuver in all patients, including patients who had uncontrolled severe bleeding during endoscopic therapy or those who had recurrent bleeding episodes from EVs during or after band ligation. All patients underwent diagnostic endoscopy before the intervention to confirm the presence of EV as the bleeding source. This study was approved by the local ethics committee and informed written consent was obtained from each patient.

The inclusion criteria were as follows: (1) cirrhosis confirmed by laboratory and imaging examinations; (2) preoperative gastroscopy showing mild to severe EVs and gastric fundal varices; (3) acute bleeding because of ruptured varices or a history of rupture and bleeding within the last 3 mo; (4) surgery not indicated or not preferred; and (5) the patient and their family agreeing to complete preoperative examinations and postoperative follow-ups.

The exclusion criteria were as follows: (1) concomitant liver cancer or other cancers; (2) concomitant widespread portal vein embolism or severe portal vein cavernous transformation; (3) phase II or higher hepatic encephalopathy; (4) obvious jaundice with total bilirubin levels three times higher than normal; (5) obvious bleeding tendency with a prothrombin time > 25 s; (6) severe hypertension, coronary heart disease, or cardiopulmonary insufficiency; and (7) concomitant hepatorenal syndrome or chronic renal insufficiency.

Computed tomography scanning and three-dimensional computed tomography portogram
MDCT images were used to evaluate EVs and their feeding vessels before and after the procedures. Computed tomography (CT) was performed on a 64-MDCT scanner (Sensation, Siemens Healthcare, Erlangen, Germany) during the unenhanced, arterial, and portal venous phases. A bolus-tracking technique was applied with a trigger threshold at the upper abdominal aorta of 150 Hounsfield units (HU) with a delay time of 10 s for the arterial phase and an additional 30 s after the first acquisition for the portal venous phase. Iohexol 350 (100–150 mL) was administered at a dose calculated according to patient weight at a rate of 3 mL/s. MDCT was performed with Virtual Place Advance (AZE Ltd., Irvine CA, United States) Three reformatting techniques was used for image reconstruction in this study. 
Image analysis evaluation of EVs and portosystemic collaterals

Imaging studies were independently reviewed by two abdominal imaging specialists with fellowship-level training and 5 years of experience as attending radiologists and were blinded to all other clinical and imaging information. EVs and peri-/para-EVs as well as the adventitial plexus of the gastric cardia and fundus could be detected by cross-sectional CT scanning during the unenhanced and portal venous phases. After PTVE, the varices adequately embolized with cyanoacrylate showing hyperdensity without enhancement on post-procedural images, whereas isodensity was observed on precontrast images in patients with inadequate eradication of the vessels, and no enhancement was shown on post-contrast images. Portosystemic collaterals were independently assessed on MDCT images before and after PTVE with cyanoacrylate. The supplying vessels, including the left gastric vein (LGV), posterior gastric vein (PGV), and paraesophageal vein were identified on the three-dimensional CT portogram.
Accorrding to the findings of CT images, patients were divided into three groups on the basis of the filling range of cyanoacrylate in EVs and their feeding vessels: (1) group A, complete obliteration, with at least 3 cm of the lower EVs and peri-/para-EVs as well as the adventitial plexus of the gastric cardia and fundus filled with cyanoacrylate; (2) group B, partial obliteration with the varices surrounding the gastric cardia and fundus and their feeding vessels being obliterated with cyanoacrylate, but the glue did not reach the lower EVs; and (3) group C, trunk obliteration, with the main branch of the LGV being filled with cyanoacrylate, but the glue did not reach the varices surrounding the gastric cardia or fundus.

Follow-up study
All subjects included in this study were followed up at regular intervals of 1, 3, and 6 mo after the procedures, and then every 6-12 mo in a specialized clinic under coordination by a research nurse. Patients underwent a brief recording of medical history at each visit, including possible gastrointestinal bleeding, alcohol intake, concurrent medications, and patient complaints. A brief physical examination including estimation of ascites and HE by routine neurological examination and laboratory profiling was performed. Gastrointestinal endoscopy and CT portal venography were performed every 6–12 mo to evaluate EVs and their feeding veins.

Relapse after PTVE was assessed by endoscopy. Follow-up endoscopy was performed at 6-mo intervals after treatment. EVs were evaluated independently during endoscopy by two experienced endoscopists. The endoscopic EVs findings were evaluated according to the classification system of the Japanese Society for Portal Hypertension and EVs[25]. A final decision regarding the endoscopic findings was reached by consensus. The appearance of the localized red color sign, F1, or bleeding on follow-up endoscopy was regarded as a relapse of EVs. In this prospective study, we defined relapse of EVs as the primary endpoint and survival as the secondary endpoint. The relationship between the cyanoacrylate filling range in the vessels and prognosis of PTVE for EVs was determined by the MDCT imaging results.

Modified PTVE procedure

The PTVE procedure was performed under radiological guidance as described previously. In brief, after transhepatic puncture of the intrahepatic portal vein branch under ultrasonographic or fluoroscopic guidance, a 5F Cobra catheter was introduced into the splenic vein, and splenoportography was performed to evaluate the index varices as well as the feeding vessels and draining veins. The main feeding vessel (e.g., left, short, or PGV) was selected with the 5F cobra catheter, and cyanoacrylate was injected into all varices in the lower esophagus and gastric fundus, as well as into all feeding vessels. Next, splenoportography was repeated to assess the extent of varices obliteration. If other feeding vessels were detected, the procedure was repeated until blood flow in the varices completely ceased. In the end, the lower EVs and peri-EVs and/or the gastric cardiac submucosal and perforating vessels were sufficiently obliterated with cyanoacrylate. Finally, the 5F sheath system was withdrawn, and the puncture tract was embolized with microcoils.

Statistical analysis

All data are expressed as mean ± standard deviation or median values. The cumulative relapse-free rate and cumulative survival rate among the groups based on the reduction rate after treatment were determined using the Kaplan–Meier method and JMP version 5 statistical software (SAS Institute, Tokyo, Japan). Significance was tested using the generalized Wilcoxon’s test and Student’s t-test. A P-value of < 0.05 was regarded as significant.

RESULTS

Demographics

A total of 181 patients underwent PTVE during the study period. Fifteen patients with hepatocellular carcinoma and five cases of technical failures were excluded. Five cases were lost in follow-up. Thus, the final study population consisted of 156 patients (Figure 1). The clinical characteristics of the patients in the groups, including age, gender, etiology of cirrhosis, severity of liver disease, and size of EVs, are shown in Table 1. 

CT detection of EVs and their feeding vessels
(1) All EVs were detected in all patients by MDCT angiography during the portal venous phase, and ninety-seven of the 156 patients had paraesophageal varices. According to the MDCT angiography findings before PTVE, 86 of the patients had a LGV alone (Figure 2A), 46 had a LGV plus a PGV (Figure 2B), and 37 patients had a LGV plus a PGV and a short gastric vein (SGV) (Figure 2C). The supplying portosystemic collaterals were further confirmed according to the findings on DSA following the PTVE procedures; and (2) MDCT scanning and angiography during the portal venous phase were used to evaluate EVs and their collaterals after the procedures. Figures 2 and 3 show the three typical groups of obliteration with cyanoacrylate according to coronal thin slap maximum intensity projection of MDCT angiography follow-up. Group A: complete obliteration, the lower EVs and peri-/para-EVs as well as the adventitial plexus of the gastric cardia and fundus were completely filled with cyanoacrylate; Group B: partial obliteration, the varices surrounding the gastric cardia and fundus and their feeding vessels were obliterated with cyanoacrylate, but cyanoacrylate did not obliterate the lower EVs; Group C: trunk obliteration, the main branch of the LGV was filled with cyanoacrylate, but it did not reach the varices surrounding the gastric cardia or fundus. Volume rendering of MDCT angiophic data set during the portal venous phase demonstrated that the esophageal-gastric varices and its afferent vessels were completely filled with cyanoacrylate but without flow signal in the varices (Figure 2D-F). Of the 156 patients, 82 achieved complete obliteration, 49 achieved partial obliteration, and 25 achieved trunk obliteration. 

During the follow-up, CT images revealed dynamic changes and outcome of cyanoacrylate injection in different veins. Cyanoacrylate in esophageal and gastric varices gradually reduced with time, but that in the para-and peri- varices was retained permanently in the vessels without a time-dependent decrease, which is important to continue the obliteration of the feeding vessels and prevention of the relapse of the esophageal-gastric varices (Figure 4).

Cumulative relapse-free rates
The median follow-up period was 34 mo, ranged from 6 mo to 71 mo. The rate of eradication of varices for all patients was 56.4% (88/156), and the rate of relapse was 31.3% (41/131). The rates of variceal eradication at 1, 3, and 5 years after PTVE were 90.2%, 84.1%, and 81.7%, respectively, for the complete group; 61.2%, 49%, and 42.9%, respectively, for the partial group; and no varices disappeared in the trunk group (Figure 5A). The relapse free rates at 1, 3, and 5 years after PTVE were 91.5%, 86.6%, and 81.7%, respectively, for the complete group; 71.1%, 55.6%, and 51.1%, respectively, for the partial group; and all EVs recurred in the trunk group. (Figure 5B)The Kaplan–Meier analysis showed a P = 0.000 and 0.000 and odds ratios (OR) = 3.824 and 3.603 for rates of variceal eradication and relapse free rates, respectively (Table 2A and B).

Rebleeding
Thirty-six of the 156 patients experienced upper gastrointestinal rebleeding during the follow-up period. The overall bleeding rate was 23.1% (36/156). Seven patients (8.5%, 7/82) in the complete obliteration group, 11 patients (22.4%, 11/49) in the partial obliteration group, and 18 patients (72%, 18/25) in the trunk obliteration group experienced rebleeding. The different rebleeding rates among the groups was statistically significant (Kaplan–Meier values: P = 0.000; OR, 3.560; Figure 5A). Portal hypertensive gastropathy was the main cause of bleeding in the complete obliteration group (six cases, the remaining one was bleeding from a peptic ulcer). Esophagogastric variceal rupture was the main cause of bleeding in the trunk obliteration group (12 cases, the others were five cases of peptic ulcer bleeding and one case of portal hypertensive gastropathy); four cases of variceal rupture occurred in the partial obliteration group (two due to portal hypertensive gastropathy, and three from a peptic ulcer).

Survival rates

Thirty-eight patients died during the follow-up period; 14 patients (17%, 14/82) in the complete obliteration group died. Of these, three died of gastrointestinal tract bleeding, eight of hepatic failure, and three of primary liver cancer. Fifteen patients (30.6%, 15/49) in the partial obliteration group died. Of these, four died of gastrointestinal tract bleeding, six from hepatic failure, and two from primary liver cancer. Nineteen patients (76%, 19/25) in the trunk obliteration group died. Of these, 10 died of gastrointestinal tract bleeding, five from hepatic failure, and four from primary liver cancer. The overall 5-year mortality rate after the operation was (30.8%, 48/156). The differences in the mortality rates among the groups were statistically significant (Kaplan–Meier values, P = 0.02; OR, 2.822; Figure 6B). A Cox regression analysis was performed for factors that might influence the rebleeding and survival rates after the operation (type of obliteration, gender, age, Child–Pugh classification, cause of cirrhosis, severity of varices, hepatic encephalopathy, ascites, and laboratory data) and showed that the range of obliteration and Child–Pugh grade were independent predictors of rebleeding and survival rates after the embolism operation (Tables 2 and 3).

DISCUSSION
MDCT has recently become more useful for examining EVs and the entire portosystemic shunt[14,26]. MDCT allows for visualization of abnormal vessels of the intrinsic circulation, such as peri-EVs that are attached to the muscularis externa of the esophagus and the para-EVs localized to the surrounding tissue[14,27]. MDCT also allows for the detection of perigastric and paragastric varices[23,28]. 
EVs are located within the wall of the lower esophagus, whereas para-esophageal veins are situated outside the wall of the lower esophagus, These vessels are supplied primarily by the LGV, which divides into anterior and posterior branches. The anterior branch supplies EVs, and the posterior branch forms the paraesophageal veins. EVs are usually connected with para-EVs in the distal esophagus[29-31]. Previous studies have shown that large paraesophageal collateral veins (> 5 mm) are associated with high rates of variceal recurrence and rebleeding after banding[32-34], and the increased risk of bleeding also seems to be associated with large perforating veins[29,35].

With regard to the vascular anatomy of the lower esophagus and upper stomach in patients with EVs, it is important to achieve not only obliteration of EVs but also embolization of the feeding vessels supplied by the portal venous system. We have a long-lasting interest in applying PTVE with cyanoacrylate to sufficiently obliterate the entire lower esophageal and peri-/para-EVs, and the adventitial plexus of the gastric cardia and fundus to achieve this purpose[11,12].

In this study we used multi-slice helical CT and three-dimensional portography to evaluate the hemodynamic changes in EVs and their collaterals after PTVE with the cyanoacrylate. Patients were divided into three groups on the basis of the filling range of cyanoacrylate filling in EVs and their feeding vessels. (1) Group A, complete obliteration: at least 3 cm lower than EVs and peri-/para-EVs, and the adventitial plexus of the gastric cardia and fundus being filled with cyanoacrylate; (2) group B, partial obliteration: the varices surrounding the gastric cardia and fundus and their feeding vessels being obliterated with cyanoacrylate, but cyanoacrylate not reaching the lower EVs; and (3) group C, trunk obliteration: the tissue adhesive filling the main branch of the LGV but not reaching the varices surrounding the gastric cardia or fundus.
Our results demonstrated the relationship between MDCT image-based embolization range and the prognosis of patients with EVs after PTVE. Of the 156 patients who underwent PTVE with cyanoacrylate for EVs, 82 had their varices completely obliterated , and relapse and rebleeding of varices were very low in this group [13.4% (11/82) and 8.5% (7/82), respectively]. However, the relapse rate and rebleeding rate of varices was significantly higher in patients with inadequate embolization of the varices and the feeding vessels than in those with adequate embolization. The multivariate analysis showed that the cyanoacrylate embolization range was an independent risk factor for rebleeding and relapse of EVs. Thus, a close relationship was observed between the range of EV obstruction and their feeding veins and recurrence of EVs. These results demonstrate that it is important to achieve not only obliteration of the feeding vessels but also embolization of EVs. Perhaps this result also explains why conventional PTVE does not achieve long-term prevention of variceal rebleeding, because it focuses mainly on the embolization of feeding veins using a coil or gelatin sponge.

In this study, we first reported the different changes and regression of cyanoacrylate in different veins. Cyanoacrylate in esophageal and gastric varices (vessels within the wall) gradually reduced with time, but the cyanoacrylate in the para-and peri- varices (vessels outside the wall) was permanently retained in the vessels without a time-dependent decrease. This is important to continue obliterating the feeding vessels and preventing the relapse of the esophageal-gastric varices, because the para-and peri- varices (vessels outside the wall) are the feeding vessels for the EVs. 

In summary, standard liver MDCT has significantly improved our understanding of the complex vascular structural changes that occur during portal hypertension, and MDCT provides excellent visualization of glue obliteration in EVs and their feeding veins. The results of our study emphasize the importance of sufficient eradication of EVs and their feeding vessels.
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Background

Bleeding from esophageal varices (EVs) is a serious complication of portal hypertension and a leading cause of death in patients with liver cirrhosis. Recurrent variceal bleeding is a challenging problem in patients with advanced cirrhosis. 

Research frontiers

Percutaneous transhepatic variceal embolization (PTVE) with cyanoacrylate, a modified procedure for conventional percutaneous transhepatic obliteration, has been confirmed as an effective and safe method for preventing EVs rebleeding. Multi-detector row computed tomography (MDCT) has recently become more useful for examining EVs and the entire portosystemic shunt. 

Innovations and breakthroughs

PTVE is effective for treating EVs and sufficient eradication of EVs and their feeding vessels is important to treat the varices. MDCT has significantly improved our understanding of the complex vascular structural changes that occur during portal hypertension and provides excellent visualization of cyanoacrylate obliteration in EVs and their feeding veins. 

Applications 

With extensive and permanent obliteration of both the EVs and its feeding veins, PTVE with cyanoacrylate is a prospective modality for treatment of esophageal varices. MDCT is effective to evaluate the range of cyanoacrylate obliteration in EV and their feeding veins after PTVE.
Peer review

In the present study, instead of using EVs embolization, attempted PTVE for the eradication of varices feeding veins, the outcomes are encouraging, showing the PTVE could be an effective method, these data seem quite clear. The MDCT images verified the importance of sufficient eradication of the feeding vessels for the long-term effect of PTVE with cyanoacrylate. The application of this modified technique in the presented cohort with EVs provides sufficient evidence for drawing conclusions. These findings were interesting, and contributed new data to the various effective EV treatment modalities.
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Figure 1 Study flow chart. PTVE: Percutaneous transhepatic variceal embolization; MDCT: Multi-detector row computed tomography; GI: Gastrointestinal.
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Figure 2 Volume rendering of multi-detector row computed tomography angiography data set during the portal venous phase demonstrated the esophageal-gastric varices and its afferent vessels before and after percutaneous transhepatic variceal embolization. A–C: Volume rendering of multi-detector row computed tomography angiophic data set during the portal venous phase demonstrates esophageal-gastric varices and its afferent vessels (left gastric vein only for “a”, left gastric vein and short gastric vein (SGV) for “b”, left gastric vein, posterior gastric vein and SGV for “c”); D–F：All the varices and its feeding vessels are completely filled with cyanoacrylate (arrows) after percutaneous transhepatic variceal embolization, and no flow signals are revealed in all the cases.
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Figure 3 Coronal thin-slab maximum intensity projection of multi-detector row computed tomography angiography during the portal venous phase demonstrates the three different obliteration types of cyanoacrylate. A: Complete obliteration, with the lower esophageal varices (EVs) and peri-/para-EVs as well as the adventitial plexus of the gastric cardia and fundus filled with cyanoacrylate; B: Partial obliteration, besides the left gastric vein and its main branches being obliterated with cyanoacrylate, the varices surrounding the gastric cardia and fundus are also obliterated, but the glue does not reach the lower EVs; C: Trunk obliteration, cyanoacrylate mainly obliterates the left gastric vein and its main branches outside of the gastric wall.
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Figure 4 Computed tomography images follow-up revealed the different outcome of cyanoacrylate in the different veins: cyanoacrylate in submucosal varices (within the wall of the fundum, big arrow) disappeared with time, but that in the para- and peri-gastric varices (outside the wall of the fundum ,small arrow) remained permanently in the vessels without a time-dependent decrease. A: The cyanoacrylate in both the gastric varices and peri-and para-gastric varices stayed full at 3 mo after percutaneous transhepatic variceal embolization(PTVE); B: The cyanoacrylate in the gastric varices was reduced at 6 mo after PTVE; C: The cyanoacrylate in the gastric varices nearly disappeared at 12 mo after PTVE, but the cyanoacrylate in the peri- and para-gastric vessels retained the same as before.
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Group A: Complete obliteration; group B: Partial obliteration; group C: Trunk obliteration

Figure 5 Kaplan–Meier analysis of the disappearance rate (A) and non-relapse rate (B) of varices shown at gastroscopy during the follow-up.
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Group A: Complete obliteration; group B: Partial obliteration; group C: trunk obliteration

Figure 6 Kaplan–Meier analysis of non-rebleeding rate (A) and survival rate (B) among the different obliteration types after modified percutaneous transhepatic variceal embolization.
Table 1 Clinical characteristics of patients included in the study 
	 Characteristics
	Value (n = 156)

	Gender:    

Male/Female
	91/65

	Age range (yr) (mean ± SD):
	35–74 (53 ± 13.6)

	Cause:  

Hepatitis B/Hepatitis C/Alcoholic liver disease/Other 
	109/6/25/16

	Child–Pugh classification：

A/B/C
	41/79/36

	Variceal size: 

F2/F3
	31/125

	Portal hypertensive gastropathy

(Yes/No) 
	45/111

	Encephalopathy：

 (II stage/I stage/ no) 

Ascites

 (Yes/No):       
	23/56/77

62/94

	Laboratory findings：

Leukocytes (×109/L)
	4.6 ± 2.1

	Hemoglobin (g/L) 
	83.7 ± 18.8

	Platelets (×109/L)
	94.9 ± 53.2 

	ALT (U/L)

Albumin (g/L) 

Bilirubin (µmol/L)

Prothrombin time (s)

Creatinine (µmol/L) 
	88.2 ± 34.5

32.1 ± 12.4

29.3 ± 18.1

16.4 ± 3.8

72.7 ± 23.8


ALT: Alanine aminotransferase.

Table 2 Single- and multiple-factor analysis of relative rebleeding rate factors after modified percutaneous transhepatic variceal embolization 
	Variable
	Univariate 
	Multivariate

	
	P-value
	Hazard ratio (95% CI) 
	P-value 

	Gender (male vs female)
	0.591 
	-
	NS

	Age (yr) (≥53 vs <53)
	0.966 
	-
	NS

	Child–Pugh classification C vs (A + B)
	0.031 
	1.730 (1.1394–2.6279)
	0.010 

	Cause Hepatitis B + Hepatitis C vs Alcoholic liver disease vs Other
	0.557
	-
	NS

	Obliteration type
	0.000 
	3.279 (2.132–5.042)
	0.000

	Variceal grade, severe 
	0.909
	-
	NS

	Portal hypertensive gastropathy (Yes vs No)
	0.036
	2.525 (0.898–7.097)
	0.075

	Encephalopathy (Yes vs No)
	0.065
	-
	NS

	Ascites (Yes vs No)
	0.024
	0.702 (0.252–1.958)
	0.217

	Laboratory findings
	
	
	

	 Leukocytes (×109/L) (≥4.6 vs <4.6)
	0.726
	-
	NS

	 Hemoglobin (g/L) (<83.7 vs ≥83.7)
	0.103
	-
	NS

	 Platelets (×109/L) (<94.9 vs ≥94.9)
	0.437
	-
	NS

	 ALT (U/L) (<88.2 vs ≥88.2)
	0.649
	-
	NS

	 Albumin (g/L) (<32.1 vs ≥32.1)
	0.138
	-
	NS

	 Bilirubin (µmol/L) (<29.3 vs ≥29.3)
	0.240
	-
	NS

	 Prothrombin time (s) (≥16.4 vs <16.4) 
	0.176
	-
	NS

	Creatinine (µmol/L) (≥72.7 vs <72.7)
	0.385
	-
	NS


NS: Not significant.
Table 3 Single- and multiple-factor analysis of relative factors of survival rate after modified percutaneous transhepatic variceal embolization 
	Variable
	Univariate 
	Multivariate

	
	P-value
	Hazard ratio (95% CI) 
	P-value

	Gender (male vs female)
	0.256
	-
	NS

	Age (yr) (≥53 vs <53)
	0.715
	-
	NS

	Child–Pugh classification C vs (A + B)
	0.015
	1.827 (1.184–2.819)
	0.006

	Cause Hepatitis B + Hepatitis C vs Alcoholic liver disease vs Other
	0.654
	-
	NS

	Obliteration type 
	0.020
	2.535 (1.779–3.613)
	0.000

	Variceal grade, severe 
	0.721
	-
	NS

	Portal hypertensive gastropathy (Yes vs No)
	0.249
	-
	NS

	Encephalopathy (Yes vs No)
	0.041
	3.240 (0.725–6.874)
	0.082

	Ascites (Yes vs No)
	0.087
	-
	NS

	Laboratory findings
	
	-
	NS

	 Leukocytes (×109/L) (≥4.6 vs <4.6)
	0.759
	-
	NS

	 Hemoglobin (g/L) (<83.7 vs ≥83.7)
	0.073
	-
	NS

	 Platelets (×109/L) (<94.9 vs ≥94.9)
	0.641
	-
	NS

	 ALT (U/L) (<88.2 vs ≥88.2)
	0.528
	-
	NS

	 Albumin (g/L) (<32.1 vs ≥32.1)
	0.193
	-
	NS

	 Bilirubin (µmol/L) (<29.3 vs ≥29.3)
	0.282
	-
	NS

	 Prothrombin time (s) (≥16.4 vs <16.4) 
	0.149
	-
	NS

	Creatinine (µmol/L) (≥72.7 vs <2.7)
	0.591
	-
	NS


NS: Not significant.
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