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ABSTRACT 

This study aimed to evaluate the safety and efficacy of rivaroxaban in preventing portal vein system thrombosis 

(PVST) in patients with liver cirrhosis after splenectomy and pericardial devascularization. 70 cirrhotic patients 

undergoing splenectomy and pericardial devascularization were randomly assigned to rivaroxaban treatment 

(n=35) or low-molecular weight heparin (LMWH) plus warfarin treatment (n=35) for 30 days in this randomized 

controlled trial. The primary endpoint is the PVST formation. Ultrasound doctors and radiologists were blinded to 

the randomization results. Both groups received routine outpatient inspection every month and were followed for 

one year. 17 patients (48.6 %) in rivaroxaban group developed PVST, compared with 27 patients (77.1 %) in 

LMWH plus warfarin group (P=0.025). The incidence of PVST during the first year postoperation was signifi-

cantly lower in rivaroxaban group than in LMWH plus warfarin group (F=7.901, P=0.006). The intra-group com-

parisons versus baseline showed the liver function improved from POD 21 to POM 1, and coagulation function 

improved from POM 2, in rivaroxaban group. In contrast, the liver function improved from POM 1 to POM 2, and 

coagulation function improved from POM 4, in LMWH plus warfarin group. The prophylactic use of rivaroxaban 

significantly decreases the incidence of PVST after splenectomy and pericardial devascularization in cirrhotic 

patients compared to LMWH plus warfarin treatment. Besides, rivaroxaban treatment was safe and effective and 

associated with better liver and coagulation functions improvement than LMWH plus warfarin treatment. 
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INTRODUCTION 

Liver cirrhosis is a common chronic pro-

gressive liver disease formed by one or more 

causes, such as hepatitis and chronic alcohol-

ism (Wang et al., 2016). The symptoms of cir-

rhosis are often absent in early stage, while in 

the later stage, the main manifestations in-

clude impaired liver function and portal hy-

pertension, accompanied by multiple organ 

function damage (Garcia-Tsao et al., 2017). 

Currently, surgery is mainly used to treat cir-

rhosis-induced hypersplenism and prevents 

upper gastrointestinal hemorrhage, among 

which splenectomy and pericardial devascu-

larization is one of the most commonly used 

methods (Chen et al., 2018). Clinical data 

showed that this operation could effectively 

prevent the recurrence of upper gastrointesti-

nal bleeding while maintaining hepatic blood 

perfusion, improving liver function, and im-

proving immunity (Zhao et al., 2013; Ferreira 

et al., 2007). 

A large number of studies have shown 

that patients with cirrhosis are prone to portal 

vein system thrombosis (PVST) after splenec-

tomy (Zhang et al., 2016a; Jiang et al., 

2016b). PVST refers to a thrombosis that oc-

curs in portal vein, splenic vein, superior mes-

enteric vein or intrahepatic portal vein branch, 

which can lead to the intestinal blood circula-

tion disorder and the decrease of blood flow 

into the liver (Young and Wong, 2018). If the 

collateral circulation around the portal vein 

cannot be established in time, it will lead to 

the development of intestinal blood stasis, in-

testinal wall edema and ischemic necrosis, 

liver ischemia, and even liver failure. All of 

these will aggravate the portal hypertension 

and induce upper gastrointestinal hemorrhage 

and can be potentially fatal (Kline et al., 2019; 

Hong et al., 2015). Previous research has 

shown that the incidence of PVST after sple-

nectomy ranged from 8 % to 54 % (Jaime and 

Pablo, 2017). So far, the detailed mechanisms 

of PVST formation still remain unclear and 

have been shown to be related to hemody-

namic changes, coagulation mechanism, local 

vascular pathological changes, as well as peri-

operative intervention (Wu et al., 2015; Ka-

wanaka et al., 2014). 

Up to now, there are few randomized pro-

spective studies on whether preventive anti-

coagulant therapy should be performed in pa-

tients after splenectomy (Bai et al., 2019). 

Although some studies had shown that the 

early prophylactic anticoagulation was effec-

tive and safe for cirrhosis patients (Zhang et 

al., 2016b; Yang et al., 2015), clinically, 

many doctors can't decide whether to adopt 

this controversial therapy at the risk of fatal 

bleeding, and at present, there is no definite 

effective preventive anticoagulant regimen. 

Low molecular weight heparin (LMWH) 

is the most commonly used intravenous anti-

coagulant in clinic (Khorana et al., 2016; 

Stone et al., 2007), while the most common 

oral anticoagulation drug is warfarin (Bai et 

al., 2019). Since the latter takes effect rela-

tively slowly, an overlapping switch from 

LMWH to warfarin had been adopted for the 

treatment of PVST (Yang et al., 2016). How-

ever, treatment with warfarin has several 

shortcomings, including easy interaction with 

other drugs or food, narrow therapeutic win-

dow, profound individual difference, and the 

requirement for frequent dose adjustment 

(Hirsh et al., 2003; Chua et al., 2015). Riva-

roxaban is the first clinically applied direct 

factor Xa inhibitor, and its efficacy and safety 

in the prevention of thrombosis in non-valvu-

lar atrial fibrillation and orthopedic surgery 

had been reported by various studies 

(Shimokawa et al., 2018; Sychev et al., 2019). 

However, if rivaroxaban could be used for the 

prevention of PVST is still unknown.  

Therefore, we designed a randomized 

controlled trial to compare the efficacy and 

safety of rivaroxaban versus LMWH plus 

warfarin in cirrhotic patients after splenec-

tomy and pericardial devascularization. The 

primary endpoint is the PVST formation, and 

the secondary endpoints include the occur-

rence of liver decompensation, occurrence of 

liver cancer, occurrence of active bleeding, 

withdrawing from the study, and death. 



EXCLI Journal 2021;20:537-549 – ISSN 1611-2156 

Received: November 04, 2020, accepted: February 22, 2021, published: March 04, 2021 

 

 

539 

MATERIALS AND METHODS 

Participants 

Between January 2017 and May 2019, all 

cirrhosis patients with secondary hypersplen-

ism admitted at the Department of Hepatobil-

iary Surgery, the First Affiliated Hospital of 

Xi’an Jiaotong University were recruited. The 

inclusion criteria were as follows: Age ≥18 

years; Diagnosed with cirrhosis and portal hy-

pertension by clinical evidence, image find-

ing, and histologic examination; Child–Pugh 

score up to B9; Platelet count ≤50×109/L; 

With a history of upper gastrointestinal bleed-

ing; No PVST in imaging examinations; No 

serious heart, lung, kidney and coagulation 

dysfunction; With written informed consent 

to join the study.  

The exclusion criteria were as follows: 

Age >80 years; Combined with liver cancer 

or other malignant tumors; Combined with 

other serious organic/infectious diseases, in-

cluding serious heart, lung, kidney dysfunc-

tion and blood system disease, active ulcer 

hemorrhage, human immunodeficiency virus 

(HIV) infection; Pregnancy; Ongoing drug 

treatment, including oral contraceptives, anti-

depressant/antipsychotic drugs, and anticoag-

ulants; Baseline international normalized ra-

tio (INR) >2; With PVST detected by color 

Doppler ultrasound or MRI before operation; 

Declined to participate in this study. 

All patients received open splenectomy 

and pericardial devascularization. All opera-

tions were performed using the same proce-

dure as described previously (Chen et al., 

2018) by the same group of surgeons. This 

study was conducted in accordance with the 

guidelines of the Declaration of Helsinki and 

was approved by the Ethics Committee of 

Xi’an Jiaotong University Health Science 

Centre. 

 

Study design 

The experimental group in our study re-

ceived oral administration of rivaroxaban 

(Baoji Guokang Bio-Technology Co., Ltd., 

Baoji, China) for 30 days beginning on post-

operative day (POD) 1 at a dose 10 mg/day. 

The control group received LMWH (Sanofi-

Aventis Pharmaceutical Co., Ltd., Beijing, 

China) subcutaneously (5000 IU) twice daily 

beginning on POD 1 for 5 days and oral war-

farin sodium (Shanghai HuicH Biotech Co., 

Ltd., Shanghai, China) beginning on POD 1 

for 30 days. The dose of warfarin was 2.5 

mg/day initially and then adjusted to reach a 

target INR of 2-3. Platelet count was routinely 

monitored in both groups after operation. If 

the platelet count was > 500 × 109 / L, aspirin 

(Shanghai HuicH Biotech Co., Ltd., Shang-

hai, China) was orally given at 100 mg/day 

for 1 month. If the platelet count was > 1000 

×109 / L, therapeutic plateletpheresis was per-

formed. All patients were followed for 1 year.  

Participants were randomized to experi-

mental group versus control group based on 

room number (experimental group even; con-

trol group odd). Room assignments were done 

by an independent statistician without 

knowledge of research details. Patients then 

received rivaroxaban or LMWH plus warfarin 

treatment according to different groups. Ul-

trasound doctors and radiologists were 

blinded to the randomization results.  

 

Efficacy assessment 

The primary endpoint of the study is the 

PVST formation, defined as thrombosis in 

portal vein, splenic and superior mesenteric 

veins or intrahepatic portal vein branches. 

Portal vein system ultrasonography was per-

formed before operation, at 1, 2, 3 and 4 

weeks after operation, and every month there-

after. If there was a suspected thrombosis on 

ultrasound evaluation, abdominal CT would 

be performed to make an assessment. Second-

ary endpoints include: (1) occurrence of liver 

decompensation, including jaundice, ascites, 

hepatic encephalopathy, spontaneous bacte-

rial peritonitis, variceal bleeding, coagulopa-

thy and hepatorenal syndrome (China et al., 

2018); (2) occurrence of liver cancer; (3) oc-

currence of active bleeding, including the 

color of drainage became darker or the 

amount of drainage increased, or the hemo-

globin decreased more than 1 g/d; (4) with-

drawing from the study, including dropping 
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out of the study due to side effects of drugs or 

subjective rejection; (5) death from any cause. 

Both groups received routine outpatient 

inspection every month, unless their condi-

tions required other clinical interventions. All 

patients were followed for one year, except 

for death or dropping out of the study. We re-

ported this randomized controlled trial ac-

cording to the most recent CONSORT state-

ment criteria (Schulz et al., 2010). 

 

Safety assessment 

All side effects were classified and rec-

orded in accordance with the World Health 

Organization toxicity grading system (Frank-

lin et al., 1994). During the course of the 

study, if the patient has obvious abnormal la-

boratory test indexes or related adverse 

events, the drug treatment will be temporarily 

interrupted. When the above abnormalities or 

adverse events are solved, the drug use will be 

resumed; otherwise, the treatment will be ter-

minated. 

 

Statistical analysis 

Data were presented as mean ± standard 

deviation (SD) and percentage (%) for contin-

uous variables and categorical variables, re-

spectively. Statistical differences between 

groups were determined by a two-tailed Stu-

dent's t-test or chi-squared test, using SPSS 

18.0 software (SPSS Inc., Chicago, IL, USA). 

A P value <0.05 was considered statistically 

significant. 

 

RESULTS 

Trial profile  

Overall, 106 cirrhosis patients who re-

ceived splenectomy and pericardial devascu-

larization were screened for study eligibility. 

Among them, 34 were excluded due to the 

combination of HCC (n=7) and malignant tu-

mor of other organs (cervical carcinoma, n=1; 

lung cancer, n=1), chronic renal failure (n=2), 

ongoing drug treatment (antipsychotic drugs, 

n=3; anticoagulants, n=5), existence of PVST 

(n=11), and refusal to join the study (n=4). 

Thus, 72 patients were randomly assigned to 

the rivaroxaban group or LMWH plus warfa-

rin group (n=36 in each group). On POD 3, 

one patient in LMWH plus warfarin group 

withdrew from the study due to active bleed-

ing, and another patient in rivaroxaban group 

stopped taking drugs on her own after leaving 

the hospital on POD 8. Finally, 70 patients 

completed the treatment (n=35 in each 

group). 

 

Demographic features and baseline  

characteristics of the patients  

There were no significant differences in 

demographics, preoperative laboratory in-

dexes, and intraoperative clinical features be-

tween rivaroxaban group and LMWH plus 

warfarin group (all P > 0.05; Table 1).  

 

Dose of warfarin sodium and platelet level 

The median dosage of warfarin sodium 

was 3.5 mg for maintaining INR between 2 

and 3 and the dose range was 2.0-7.5 mg dur-

ing the whole treatment process. The daily 

dose of warfarin was 3.24 ± 0.25 mg at POD 

7, 3.48 ± 0.28 mg at POD 14, 3.87 ± 0.23 mg 

at POD 21, and 3.87 ± 0.23 mg at POD 30. 

There were no significant differences in 

platelet counts between rivaroxaban group 

and LMWH plus warfarin group at various 

time points (all P > 0.05; Table 2). Two pa-

tients in each group accepted aspirin orally for 

one month due to high platelet count (> 500 × 

109/L). Two patients in LMWH plus warfarin 

group and one in rivaroxaban group received 

therapeutic plateletpheresis when platelet 

count was > 1000 ×109/L. There were no sig-

nificant differences in the proportion of pa-

tients receiving aspirin treatment or therapeu-

tic plateletpheresis between the two groups 

(all P > 0.05).  

 

Incidence and distribution of PVST after 

operation 

The overall incidence of PVST was 

62.9 % (44/70). A total of 17 patients 

(48.6 %) in rivaroxaban group developed 

PVST, compared with 27 patients (77.1 %) in 

LMWH plus warfarin group (P=0.025). The 



EXCLI Journal 2021;20:537-549 – ISSN 1611-2156 

Received: November 04, 2020, accepted: February 22, 2021, published: March 04, 2021 

 

 

541 

Table 1: The demographics, preoperative laboratory indexes, and intraoperative clinical features of the 
two groups 

Variables  Rivaroxaban 
(n=35) 

LMWH plus warfarin 
(n=35) 

P 

Gender (male/female) 21/14 23/12 0.621 

Age (years) 55.9±9.1 56.3±6.9 0.849 

BMI 24.17±2.72 25.24±2.87 0.113 

Etiology (hepatitis B/hepatitis C/ 
alcohol) 

28/4/3 27/6/2 0.687 

Child-Pugh score 6.08±0.98 5.89±0.90 0.377 

WBC (×109/L) 2.46±1.65 2.85±1.37 0.287 

Hb (×109/L) 98.5±14.6 97.4±15.9 0.772 

PLT (×109/L) 38.5±8.6 39.2±7.7 0.709 

ALT (U/L) 33.29±3.35 34.14±3.58 0.305 

ALB (g/L) 33.68±4.10 34.14±3.92 0.635 

TBIL (umol/L) 22.83±4.27 22.28±3.65 0.566 

BUN (mmol/L) 5.58±1.29 5.68±1.22 0.734 

PT (S) 14.66±1.47 14.58±1.56 0.825 

APTT (S) 40.53±3.27 41.26±3.74 0.388 

FIB (g/L) 2.16±0.44 2.08±0.62 0.537 

Operation time (min) 148.3±35.4 157.2±38.3 0.316 

Intraoperative blood loss (ml) 101.5±53.5 98.3±32.1 0.760 

Longitudinal diameter of spleen 
(mm) 

185.3±24.9 187.6±27.6 0.731 

Portal vein diameter (mm) 14.6±1.5 13.9±2.1 0.124 

Mean portal flow velocity (cm/s) 16.85±3.02 17.15±3.14 0.685 

Length of stay (d) 7.5±1.2 7.8±1.4 0.369 

Data shown as mean ± standard deviation, or number of patients, as indicated. BMI, body Mass Index; 
WBC, white blood cell; Hb, hemoglobin; PLT, platelets; ALT, alanine transaminase; ALB , albumin; TBIL, 
total bilirubin; BUN, blood urea nitrogen; PT, prothrombin time; APTT, activated partial thromboplastin 
time; FIB, fibrinogen 

 

 
Table 2: The comparison of platelet level between rivaroxaban and LMWH plus warfarin groups 

Time point Rivaroxaban (n=35) LMWH plus warfarin 
(n=35) 

P 

POD 7 217.94±62.71 208.17±55.19 0.491 

POD 14 403.60±93.23 381.94±101.11 0.355 

POD 21 316.77±95.81 302.37±81.66 0.501 

POM 1 258.74±76.81 241.31±71.81 0.330 

POM 2 237.71±58.27 238.54±63.07 0.955 

POM 3 228.17±73.57 236.11±62.98 0.629 

POM 4 226.14±48.86 222.29±65.42 0.781 

POM 5 230.03±66.68 218.80±79.43 0.524 

POM 6 211.14±56.78 220.49±48.09 0.460 

POM 7 201.14±66.51 214.77±65.27 0.390 

POM 8 205.86±45.72 196.69±48.29 0.417 

POM 9 198.77±38.37 200.06±56.03 0.911 

POM 10 203.66±43.75 204.57±65.04 0.945 

POM 11 193.74±34.61 195.03±45.06 0.894 

POM 12 188.71±50.12 190.97±73.58 0.881 

POD, postoperative day; POM, postoperative month 
 

 

 

http://dict.youdao.com/w/eng/alb_albumin/#keyfrom=dict.phrase.wordgroup
http://dict.youdao.com/w/prothrombin%20time/#keyfrom=E2Ctranslation
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incidence of PVST during the first year post-

operation was significantly lower in rivaroxa-

ban group than in LMWH plus warfarin group 

(F=7.901, P=0.006; Table 3).  

There were no significant differences be-

tween rivaroxaban group and LMWH plus 

warfarin group in PVST incidence on POD 7, 

POD 14, POD 21 and POM (postoperative 

month) 1 (all P > 0.05; Table 3). However, 

from POM 2 to POM 7, the PVST incidence 

was significantly lower in rivaroxaban group 

than in LMWH plus warfarin group (all P < 

0.05; Table 3). After that (from POM 8 to 

POM 12), there were no significant differ-

ences in PVST incidence between the two 

groups (all P > 0.05; Table 3).  

Of the 17 cases of PVST in rivaroxaban 

group, there were 4 in the portal vein, 3 in the 

splenic vein, 1 in the superior mesenteric 

vein, 5 in the portal and splenic veins, 3 in the 

splenic and superior mesenteric veins, and 1 

in the portal, splenic and superior mesenteric 

veins. Of the 27 cases of PVST in LMWH 

plus warfarin group, there were 6 in the portal 

vein, 5 in the splenic vein, 2 in the superior 

mesenteric vein, 6 in the portal and splenic 

veins, 5 in the splenic and superior mesenteric 

veins, and 3 in the portal, splenic and superior 

mesenteric veins. It is notable that splenic 

vein thrombosis occurred in 31 (70.5 %) 

cases.  

Of the 44 cases of PVST patients, 9 

(20.5 %) were symptomatic. 4 of them were 

from rivaroxaban group and 5 of them from 

LMWH plus warfarin group (23.5 % vs. 

18.5 %; P=0.716). The symptoms manifested 

as loss of appetite (2 patients; 1 in rivaroxaban 

group and 1 in LMWH plus warfarin group), 

abdominal pain (2 patients; 1 in rivaroxaban 

group and 1 in LMWH plus warfarin group), 

fever (4 patients; 1 in rivaroxaban group and 

3 in LMWH plus warfarin group), and ab-

dominal distension (1 patient in rivaroxaban 

group). These symptoms appeared alone or in 

combination, and all resolved over time. 

 

Occurrence of liver decompensation 

During the first year postoperation, the 

occurrence of liver decompensation was sim-

ilar between the two groups (P > 0.05; Table 

4). There were no significant differences be-

tween the two groups in the incidence of jaun-

dice, ascites, hepatic encephalopathy, variceal 

bleeding, and coagulopathy (all P > 0.05; Ta-

ble 4). No spontaneous bacterial peritonitis 

and hepatorenal syndrome occurred in either 

group. 

 
 

Table 3: The comparison of PVST incidence between rivaroxaban and LMWH plus warfarin groups 

Time point Rivaroxaban 
[n/(%)] 

LMWH plus warfarin 
(n/%) 

P 

POD 7 17 (48.6) 25 (71.4) 0.087 

POD 14 16 (45.7) 24 (68.6) 0.090 

POD 21 15 (42.9) 22 (62.9) 0.150 

POM 1 11 (34.3) 20 (57.1) 0.053 

POM 2 8 (22.9) 17 (48.6) 0.045 

POM 3 5 (14.3) 14 (40.0) 0.030 

POM 4 5 (14.3) 14 (40.0) 0.030 

POM 5 4 (11.4) 13 (37.1) 0.024 

POM 6 3 (8.6) 11 (31.4) 0.034 

POM 7 2 (5.7) 9 (25.7) 0.045 

POM 8 2 (5.7) 7 (20.0) 0.151 

POM 9 1 (2.9) 7 (20.0) 0.055 

POM 10 1 (2.9) 5 (14.3) 0.198 

POM 11 1 (2.9) 3 (8.6) 0.614 

POM 12 0 (0.0) 2 (5.7) 0.493 

POD, postoperative day; POM, postoperative month 
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Table 4: The incidence of liver decompensation in rivaroxaban and LMWH plus warfarin groups during 
the first year postoperation 

Variables  Rivaroxaban 
[n/(%)] 

LMWH plus warfarin 
(n/%) 

P 

Liver decompensation 8 (22.9) 10 (28.6) 0.785 

Jaundice 3 (8.6) 5 (14.3) 0.710 

Ascites  2 (5.8) 3 (8.6) 1 

Hepatic encephalopathy 1 (2.9) 0 (0.0) 1 

Variceal bleeding 1 (2.9) 1 (2.9) 1 

Coagulopathy  1 (2.9) 1 (2.9) 1 

Spontaneous bacterial  
peritonitis 

0 (0.0) 0 (0.0) 1 

Hepatorenal syndrome 0 (0.0) 0 (0.0) 1 

 
 

Effect on liver function and liver cancer  

occurrence 

Intra-group comparison of liver function 

[ALT (U/L), total bilirubin (TBIL), albumin 

(ALB)] at baseline versus at POD 7, POD 14, 

POD 21, and POM 1 to 12 in rivaroxaban 

group showed ALT level returned to normal 

from POD 21, and obvious improvement in 

TBIL as well as ALB from POM 1 (all P < 

0.05; Table 5). For LMWH plus warfarin 

group, the intra-group comparison showed 

ALT level returned to normal from POM 1, 

and significant improvement in TBIL as well 

as ALB from POM 2 (all P < 0.05; Table 5). 

There were no significant differences in the 

incidence of hepatocellular carcinoma be-

tween the two groups (two in each group; 

P=1.000).  

 

Effect on INR and active bleeding 

Intra-group comparison of INR at POD 7, 

POD 14, POD 21, and POM 1 to 12 versus at 

baseline in rivaroxaban group showed a 

slightly but not significantly increased INR 

from POD 7 to POM 1 (all P > 0.05; Table 5), 

and a significantly decreased INR from POM 

2 to POM 12 (all P < 0.001; Table 5). For 

LMWH plus warfarin group, the intra-group 

comparison showed a significantly increased 

INR from POD 7 to POM 1 (all P < 0.001; 

Table 5), a similar INR to baseline from POD 

2 to POM 3 (Table 5), and an obviously de-

creased INR from POM 4 to POM 12 (all P < 

0.001; Table 5). 

There were no significant differences in 

the incidence of active bleeding (one patient 

in LMWH plus warfarin group withdrew from 

the study due to active bleeding; P=1.000). 

 

Safety and survival 

All patients could tolerate rivaroxaban 

well. In warfarin group, one patient stopped 

treatment because of active bleeding on POD 

3. Three patients stopped warfarin treatment 

for 1 to 2 days due to abnormally high INR 

value (> 3). One patient had warfarin re-

sistance. Although the dose of warfarin was 

increased to 7.5 mg/day, the INR value of the 

patient continued to be lower than 2 and there-

fore warfarin was administered at 7.5 mg/day 

until the end of the 1st month treatment. All 

patients were in good condition when they left 

hospital. No patient died during the 1-year 

follow-up period.  

 

DISCUSSION 

PVST is one of the common complica-

tions after splenectomy. It may lead to the de-

crease of portal vein blood flow, aggravate the 

damage of liver function, increase the portal 

vein pressure as well as the risk of gastroin-

testinal rebleeding, and even threaten the life 

of patients. However, there is no standard pro-

tocol for the prevention of PVST in patients 

after splenectomy and pericardial devascular-

ization to date, and an effective and safe anti-

coagulant regimen is thus urgently needed.  

Previous studies have shown that the for-

mation of postoperative PVST is mainly re-

lated to the patient's own factors, hemorheol-

ogy changes, coagulation mechanism and pe-
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Table 5: Markers of liver function (ALT, TBIL, ALB) and coagulation function (INR) in rivaroxaban and 
LMWH plus warfarin groups 

Rivaroxaban group 

 ALT(U/L) P TBIL 
(umol/L) 

P ALB (g/L) P INR P 

Base-
line 

33.24±6.88  22.83±5.35  33.68±2.85  1.32±0.36  

POD 7 65.42±6.51 <0.001 23.43±5.11 0.634 31.84±4.92 0.060 1.45±0.29 0.081 
POD 14 43.55±6.73 <0.001 21.12±4.48 0.151 33.84±4.05 0.849 1.49±0.39 0.063 
POD 21 36.47±7.16 0.059 20.46±6.04 0.086 35.62±5.24 0.059 1.52±0.48 0.054 

POM 1 35.55±5.46 0.124 16.52±5.18 <0.001 38.49±4.63 <0.001 1.50±0.49 0.070 

POM 2 35.34±5.47 0.163 15.23±3.44 <0.001 41.13±4.80 <0.001 1.16±0.28 0.044 

POM 3 34.28±5.29 0.483 14.67±2.82 <0.001 42.66±4.15 <0.001 1.10±0.28 0.007 

POM 4 35.21±5.01 0.176 14.32±3.76 <0.001 42.73±4.15 <0.001 1.12±0.33 0.025 

POM 5 32.13±4.61 0.431 13.27±3.56 <0.001 45.56±4.48 <0.001 1.14±0.34 0.038 

POM 6 33.68±6.41 0.785 13.24±3.20 <0.001 44.23±3.59 <0.001 1.04±0.26 <0.001 

POM 7 34.03±6.00 0.610 12.21±2.76 <0.001 42.16±4.45 <0.001 1.12±0.24 0.011 

POM 8 35.27±5.29 0.172 11.35±2.90 <0.001 42.97±4.68 <0.001 1.08±0.25 0.003 

POM 9 35.24±6.26 0.208 11.25±3.00 <0.001 46.82±4.47 <0.001 1.04±0.25 <0.001 
POM 10 33.66±3.65 0.754 11.66±3.02 <0.001 45.37±4.71 <0.001 1.05±0.25 0.001 
POM 11 32.53±5.12 0.624 12.12±3.03 <0.001 44.23±3.78 <0.001 1.12±0.32 0.02 
POM 12 32.01±4.55 0.381 12.66±3.45 <0.001 48.67±3.71 <0.001 1.13±0.28 0.021 

LMWH plus warfarin group 

Base-
line 

34.27±4.71  22.24±5.50  34.12±3.62  1.38±0.21  

POD 7 70.85±9.57 <0.001 24.54±4.80 0.066 32.15±4.78 0.056 2.32±0.63 <0.001 
POD 14 52.28±9.73 <0.001 23.29±4.37 0.380 32.62±4.38 0.124 2.47±0.27 <0.001 
POD 21 37.02±6.53 0.047 21.79±3.07 0.673 33.62±3.38 0.557 2.43±0.25 <0.001 

POM 1 36.61±5.38 0.058 19.67±5.47 0.055 35.09±3.71 0.269 2.14±0.27 <0.001 

POM 2 36.86±6.55 0.062 16.14±3.31 <0.001 39.10±4.59 <0.001 1.44±0.28 0.269 

POM 3 35.28±5.09 0.394 14.23±3.84 <0.001 41.73±4.02 <0.001 1.29±0.24 0.123 

POM 4 35.12±4.70 0.453 14.30±3.42 <0.001 40.08±4.00 <0.001 1.14±0.25 <0.001 

POM 5 33.31±3.69 0.344 13.55±4.42 <0.001 43.96±4.15 <0.001 1.13±0.24 <0.001 

POM 6 32.23±4.36 0.064 14.87±3.15 <0.001 44.07±4.08 <0.001 1.09±0.21 <0.001 

POM 7 34.49±6.39 0.870 12.94±2.70 <0.001 46.89±3.57 <0.001 1.04±0.20 <0.001 

POM 8 32.27±5.14 0.094 12.99±3.06 <0.001 45.96±4.70 <0.001 1.03±0.21 <0.001 

POM 9 33.16±6.74 0.428 13.14±3.38 <0.001 46.14±4.57 <0.001 1.16±0.23 <0.001 
POM 10 33.90±5.48 0.762 12.66±2.79 <0.001 46.34±3.53 <0.001 1.11±0.18 <0.001 
POM 11 32.88±5.50 0.261 11.19±3.99 <0.001 42.17±4.61 <0.001 1.12±0.20 <0.001 
POM 12 34.13±5.36 0.908    10.27±3.12 <0.001 44.23±3.92 <0.001 1.10±0.18 <0.001 

POD, postoperative day; POM, postoperative month; ALT, alanine transaminase; TBIL, total bilirubin; 
ALB, albumin; INR, international normalized ratio 
 

 

rioperative treatment intervention (Hirofumi 

et al., 2014; Gelas et al., 2014). The elevated 

portal vein pressure in patients with cirrhosis 

and portal hypertension could lead to the in-

crease of the collagen fibers and extracellular 

matrix in vascular wall, and the adherence of 

platelets to injured endothelial cell would lead 

to thrombosis occurrence (Jiang et al., 2016a). 

In addition, the size of spleen of patients is 

closely related to the PVST formation. The 

larger the spleen is, the greater the impact of 

splenectomy on portal hemodynamics is. Pre-

vious study showed that thickness of spleen, 

splenic vein diameter and portal vein diameter 

were all risk factors of PVST formation after 

splenectomy in patients with liver cirrhosis 

(Wu et al., 2015; Qian and Li, 2017). 

LMWH is one of the most commonly 

used anticoagulant drugs. A previous study 

http://dict.youdao.com/w/eng/alb_albumin/#keyfrom=dict.phrase.wordgroup
http://dict.youdao.com/w/vascular%20wall/#keyfrom=E2Ctranslation
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reported that LMWH (Enoxaparin) could ef-

fectively and safely prevent PVST and liver 

decompensation in patients with advanced 

cirrhosis (Yuko et al., 2018). However, in that 

study, patients need to receive LMWH subcu-

taneous injection 336 times, which not only 

means a very high compliance requirement, 

but also a high treatment cost for patients. Be-

sides, LMWH is not suitable for patients with 

bleeding tendency or active bleeding because 

it increases the risk of bleeding and causes 

heparin induced thrombocytopenia (Pollak, 

2019). In contrast, warfarin is cheap and re-

quires only low-level compliance, and over-

lapping treatment with LMWH and warfarin 

had been reported in a few studies. Lai et al. 

(2012) reported that compared with control 

group (received aspirin or warfarin without 

LMWH irregularly), patients treated with 

LMWH for 5 days, followed by oral warfarin 

and aspirin for one month had a significantly 

decreased PVST (20.94 % vs. 41.17 %). 

However, this is a retrospective study and the 

actual PVST incidence might be higher than 

they reported. Ikeda et al. (2005) reported that 

67 % of PVST cases were asymptomatic and 

diagnosed after a contrast enhanced CT scan 

screening. Since most patients were asympto-

matic, the real PVST incidence is probably 

underestimated. Another study by Sanchez-

Ocaña et al. (2019) reported that initial anti-

coagulation with LMWH started on day 4 or 

5 post-transplant for 4 weeks followed by oral 

warfarin for six months could effectively pre-

vent the reoccurrence of PVST. However, this 

is also a retrospective study and its focus is to 

prevent recurrence rather than occurrence of 

PVST. 

Recent studies had reported the use of 

rivaroxaban in the treatment of PVST (Ai et 

al., 2020; Pannach et al., 2013; Naymagon et 

al., 2020). However, the preventive effect of 

rivaroxaban on PVST has not been reported. 

In this 1-year randomized controlled trial 

(RCT) in cirrhotic patients undergoing sple-

nectomy and pericardial devascularization, 

the efficacy and safety of prophylactic appli-

cation of rivaroxaban had been demonstrated. 

Treatment with rivaroxaban significantly re-

duced the incidence of postoperative PVST 

formation, alleviated liver injury, improved 

coagulation function, compared with LMWH 

plus warfarin treatment. As far as we know, 

this is the first RCT supporting the preventive 

effect of rivaroxaban on PVST. 

In our study, we found that the incidence 

of PVST in rivaroxaban group was lower than 

that in LMWH plus warfarin group at all time 

points from POD 7 to POM 12, and the dif-

ference between the two groups was signifi-

cant from POM 2 to POM 7 (all P < 0.05). 

During the first year postoperation the inci-

dence of PVST in rivaroxaban group was sig-

nificantly lower than that in LMWH plus war-

farin group (F=7.901, P=0.006). Among the 

total 44 PVST patients, splenic vein throm-

bosis appeared in 70.5 % of cases. This result 

is consistent with previous reports that hemo-

dynamic changes of the portal venous system 

played an important role in the formation of 

PVST (Wei et al., 2017; Huang et al., 2018). 

The blood turbulence or congestion in the 

splenic vein stump leads to the deposition of 

blood cell components, which eventually 

leads to splenic vein thrombosis, and then it 

can extend to the portal vein and superior 

mesenteric vein (Wu et al., 2015).  

The liver function (ALT, TBIL, ALB) and 

coagulation function (INR) in both groups 

gradually improved during the first year post-

operation. The intra-group comparisons ver-

sus baseline showed the liver function im-

proved from POD 21 to POM 1 in rivaroxa-

ban group. In contrast, these parameters were 

ameliorated from POM 1 to POM 2 in 

LMWH plus warfarin group. For coagulation 

function, the intra-group comparisons showed 

the INR decreased versus baseline from POM 

2 in rivaroxaban group. In contrast, a de-

creased INR could not be observed until POM 

4 in LMWH plus warfarin group. The differ-

ence in liver function recovery might be re-

lated to the lower PVST incidence in rivarox-

aban group, since the PVST could decrease 

blood flow into the liver and lead to liver dam-

age. As for the difference in coagulation func-

https://www.sciencedirect.com/topics/medicine-and-dentistry/warfarin
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tion recovery, it could be attributed to the dif-

ferent mechanisms of action and drug proper-

ties of anticoagulants. Warfarin, a dicoumarin 

derivative, acts as an anticoagulant by inhib-

iting the synthesis of vitamin K-dependent co-

agulation factors II, VII, IX and X in the liver. 

However, its safe use is restricted by a narrow 

therapeutic window and large individual dif-

ferences (Guo et al., 2006) and therefore must 

be used with INR monitoring to keep the INR 

value between 2 to 3. Rivaroxaban is a new 

oral anticoagulant, which can selectively in-

hibit the active site of factor Xa and block in-

ternal and external coagulation pathways sim-

ultaneously (Kvasnicka et al., 2017). Com-

pared with warfarin, rivaroxaban has the ad-

vantages of high bioavailability and no need 

for INR monitoring, although a previous 

study demonstrated that INR was signifi-

cantly elevated in 84.2 % of the patients 

treated with rivaroxaban with a median INR 

value of 1.7 (Ofek et al., 2017). Our result is 

consistent with this report that the INR was 

slightly but not significantly increased in pa-

tients during rivaroxaban treatment. Thus, it 

is reasonable that the INR value in rivaroxa-

ban group returned to normal more quickly 

than in LMWH plus warfarin group.  

Although some studies (Bai et al., 2019; 

Pollak, 2019; Hongwei et al., 2015) have sug-

gested that postoperative application of 

LMWH or/and warfarin in cirrhotic patients 

with portal hypertension after splenectomy 

was safe, the prophylactic use of anticoagu-

lants is still limited clinically due to the con-

cerns about the increased risk of bleeding. 

Our study affirmed the results of previous 

studies showing the safety of LMWH plus 

warfarin for these patients. More importantly, 

we provided the first evidence that rivaroxa-

ban at a dose of 10 mg/day for 1 month was 

safe and more effective than LMWH plus 

warfarin for the prevention of PVST after 

splenectomy and pericardial devasculariza-

tion. Besides, the liver and coagulation func-

tions recovered more quickly in patients 

treated with rivaroxaban than in patients 

treated with LMWH plus warfarin.  

There are potential limitations of the cur-

rent study. First, the sample size is relatively 

small. Second, this is a single-center study 

and the results may therefore be affected by 

local conditions. Our study included a cohort 

of Chinese cirrhosis patients with secondary 

hypersplenism arising from mainly hepatitis 

B, who accepted splenectomy and pericardial 

devascularization. Third, a longer follow-up 

time is required to validate our findings. 

In conclusion, this 1-year RCT demon-

strated that the prophylactic use of rivaroxa-

ban from POD 1 at a dose 10 mg/day for 30 

days was safe and effective for the prevention 

of PVST after splenectomy and pericardial 

devascularization in cirrhotic patients. In ad-

dition, treatment with rivaroxaban was asso-

ciated with (better) improvement in liver and 

coagulation functions than treatment with 

LMWH plus warfarin. 
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