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Abstract
BACKGROUND
Portal vein thrombosis (PVT) after liver resection is rare but can lead to life-threatening liver failure. This prospective study evaluated patients using contrast-enhanced computed tomography (E-CT) on the first day after liver resection for early PVT detection and management.

AIM
To evaluate patients by E-CT on the first day after liver resection for early PVT detection and immediate management.

METHODS
Patients who underwent liver resection for primary liver cancer from January 2015 were enrolled. E-CT was performed on the first day after surgery in patients undergoing anatomical resection, multiple resections, or with postoperative bile leakage in the high-risk group for PVT. When PVT was detected, anticoagulant therapy including heparin, warfarin, and edoxaban was administered. E-CT was performed monthly until PVT resolved.

RESULTS
[bookmark: _Hlk100764831]The overall incidence of PVT was 1.57% (8/508). E-CT was performed on the first day after surgery in 235 consecutive high-risk patients (165 anatomical resections, 74 multiple resections, and 28 bile leakages), with a PVT incidence of 3.4% (8/235). Symptomatic PVT was not observed in the excluded cohort. Multivariate analyses revealed that sectionectomy was the only independent predictor of PVT [odds ratio (OR) = 12.20; 95% confidence interval (CI): 2.22-115.97; P = 0.003]. PVT was found in the umbilical portion of 75.0% (6/8) of patients, and sectionectomy on the left side showed the highest risk of PVT (OR = 14.10; 95%CI: 3.17-62.71; P < 0.0001).

CONCLUSION
Sectionectomy on the left side should be chosen with caution as it showed the highest risk of PVT. E-CT followed by anticoagulant therapy was effective in managing early-phase PVT for 2 mo without adverse events.
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Core Tip: This prospective study evaluated patients by contrast-enhanced computed tomography (E-CT) on the first day after liver resection for early portal vein thrombosis (PVT) detection and immediate management. Sectionectomy on the left side should be treated with caution as it showed the highest risk of PVT. E-CT on the first day and immediate anticoagulant therapy were effective in managing early-phase PVT for 2 mo without adverse events.

INTRODUCTION
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The rate of portal vein thrombosis (PVT) after liver resection occurs in 2.1%-11.1% of cases[1-5] and was unchanged in recent series[6-8] .While no symptoms are detected in the early phase, severe PVT can lead to life-threatening liver failure[9,10]. Immediate anticoagulant therapy after surgery is recommended in some cases[11]. However, patients who undergo liver resection may have coagulation disorders such as hepatocellular carcinoma, which makes it difficult to administer routine anticoagulant therapy. Therefore, early detection and immediate intervention for asymptomatic PVT are essential. The risk factors for PVT after liver resection include hepatic clumping and total operation time[1,2,4,7,8], resection scale and location[1,3], splenectomy[3], and portal vein reconstruction[4,5].
Studies have reported the occurrence of postoperative PVT in high-risk[1-3,7,8] or symptomatic cases in the first 5-7 d after liver resection[4,6]. However, there is a lack of information regarding the timing of PVT occurrence, approaches for its early detection, and the efficacy of early interventions. No study has focused on early detection and intervention before symptomatic PVT. Therefore, we conducted a prospective study and assessed patients considered to be at high risk for PVT after liver resection using screening with contrast-enhanced computed tomography (E-CT). E-CT was performed on the first day after liver resection, and immediate anticoagulant therapy was started when PVT was detected. We assessed the frequency, predictive factors, and efficacy of early intervention for PVT.

MATERIALS AND METHODS
Patients
This study was conducted in patients who underwent liver resection for primary liver cancer from January 2015 onward. E-CT was performed on the first day after surgery for patients at high risk of PVT, including those undergoing: Anatomical resection, multiple resections, or postoperative bile leakage. In previous studies, the frequency of PVT was hypothesized to be 5%. Consequently, a total of 400 resections was expected to detect 20 PVT events[1]. Our institution performs an average of 150 liver resections for primary liver cancer annually; thus, the study was estimated to take 3 years to complete. This study excluded patients with metastatic liver cancer, bile duct or portal vein reconstruction, laparoscopic surgery, contrast medium allergy, renal dysfunction, or thrombus requiring anticoagulant therapy. The liver, lungs, and legs of patients with abnormal preoperative serum D-dimer levels were screened by ultrasound and E-CT.

Surgical procedure and postoperative management
Liver resection was performed under general anesthesia with hypoventilation during liver transection. Total hepatic inflow occlusion was performed using Pringle’s maneuver, in which the protocol called for a 15-min blood flow clamp and a 5-min release[12,13]. The liver parenchyma was transected using the crush-clamping method, and the vessels were ligated using an energy device or silk thread[14-16]. At the end of the operation, routine intraoperative ultrasonography was performed to detect any thrombus in the liver. A drain was placed on the resected stump of the liver and removed 3 d after the operation[17]. Elastic bandages and intermittent air compression on the legs were routinely used to prevent thrombosis.

Evaluation of PVT and anticoagulant therapy
PVT was defined as a defect image that was confirmed in the portal phase of dynamic CT. The images were checked by a surgeon (Yoshida N) and 2 independent radiologists. When PVT was detected, anticoagulant therapy was performed according to the following protocol: Unfractionated heparin (10000-12000 units/d), warfarin (2 mg/d), and direct oral anticoagulant edoxaban tosylate hydrate (LIXIANA®, 30 mg/d). The target range of anticoagulant therapy was an activated partial thromboplastin time of 50-60 s and a prothrombin time-international normalized ratio of 1.5-2.0. In small cases of PVT, short half-life heparin was used just after the detection of PVT by E-CT, whereas in cases of large PVT, intravenous heparin combined with oral anticoagulation (warfarin or direct oral anticoagulant) was used as an initial treatment. Heparin was then changed to an oral anticoagulant 10 d after the operation. E-CT was performed in all treated cases for 1 wk after starting anticoagulant therapy to confirm the severity or new appearance of PVT. Anticoagulant therapy was continued when the PVT had disappeared by monthly E-CT after discharge. Patients who had no PVT on E-CT the first day after surgery did not undergo E-CT until discharge. All patients received E-CT at 2 or 3 mo after discharge as a routine follow-up post liver resection.

Statistical analyses
Statistical analyses were performed using JMP 10.0.2 (SAS Institute Inc., Cary, NC, United States). Data are expressed as the mean ± standard error of the mean. Categorical variables were compared using χ2 tests, whereas continuous variables were compared using nonparametric Wilcoxon or parametric t-tests. Statistical significance was set at P ≤ 0.05. Risk factors evaluated by univariate logistic regression (P < 0.05) were included in the multivariate analysis to determine the independent risk factors. This study protocol was approved by the ethics committee of Nihon University School of Medicine (Protocol No. RK-170214-3; Tokyo, Japan) and was registered in the UMIN Clinical Trials Registry under entry number UMIN000047362.

RESULTS
PVT analyses using patient flow
This study was started in January 2015 and discontinued in December 2018 after 4 years because the occurrence of PVT was lower than our hypothesis. The incidence of PVT was 8 (1.57%) among the 508 participants over the study period. E-CT was performed on the first day after liver resection in 235 patients (165 for anatomical resections, 74 for multiple resections, and 28 for bile leakage). The incidence of PVT in the high-risk group was 3.4% (8/235) (Figure 1). No cases of symptomatic PVT occurred in patients who met the exclusion criteria.

Risk factors associated with PVT after liver resection
In univariate analyses, the occurrence of PVT was significantly higher in women (50.0% vs 79.7%; P = 0.04) and in patients who had undergone sectionectomy (75.0% vs 24.2%; P = 0.001). In multivariate analyses, sectionectomy [odds ratio (OR) = 12.2, 95% confidence interval (CI): 2.22-115.97; P = 0.003] was the only independent predictor of PVT occurrence (Table 1). There were 2 postoperative deaths, neither of which was related to PVT. One patient with pneumonia underwent a pathological autopsy and did not show thrombus anywhere. One patient with liver failure and no PVT was observed on E-CT during the study.

PVT frequency and distribution
Six of the eight patients with PVT underwent anatomical resection. Most instances of PVT were found on the left side of the liver, with 62.5% (5/8) around the umbilical portion (UP) and one in the apex of the UP (12.5%). Only one instance was found at the resection stump of segment 8 and one in the anterior branch (Figure 2). All PVTs at the UP were found in the second-to third-order branches, with preserved peripheral blood flow from the thrombus at the time of detection. Among the procedures, 3 patients among 26 who underwent left lateral sectionectomy developed PVT (11.5%). PVT also developed in 2 of 3 patients undergoing left medial sectionectomy (66.7%) and in 1 of the 25 patients who underwent right posterior sectionectomy (4%). Among the procedures, sectionectomy on the left side was associated with the highest risk of PVT (OR = 14.10; 95%CI: 3.17-62.71; P < 0.0001) (Table 2).

Treatment and outcomes
No adverse events were observed with anticoagulant therapy, and all patients were successfully treated (Table 3 and Figure 3). One patient (case 5) stopped treatment because the thrombus did not extend to the central side. The median period of PVT treatment was 55 d (range: 37-140 d).

DISCUSSION
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]The incidence of PVT was lower (1.56%) in this study than in previous reports[3,4,6]. In the high-risk group, E-CT on the first day after surgery had an incidence of the initial phase of asymptomatic PVT of 3.4% (8/235), which was successfully treated with anticoagulant therapy. The results of this study demonstrated that PVT formed as early as the first day after liver resection. To date, most studies have found PVT at 5-7 d after liver resection[1-3,7,8]. In this phase, peripheral blood flow is obstructed and impaired by a large thrombus. Anticoagulant therapy takes a long time to resolve the thrombus, and some patients experience severe liver failure[3,6]. Early anticoagulant therapy is an ideal option for patients at high-risk for PVT; however, no study has reported the initiation of PVT. Consequently, in this study, we aimed to detect early-stage PVT in a high-risk group of patients using E-CT. This enabled the prompt initiation of anticoagulant therapy and thus preserved peripheral blood flow from PVT.
The risk factors for PVT after liver resection include operating procedure or scale[1,3], operation or hepatic clamping time[1,2,4,7,8], portal vein reconstruction, and complications[3,5]. Sectionectomy is the only independent predictor of PVT occurrence. Sectionectomy requires ligation of the second branch root of the liver, which is more complex than hemihepatectomy. With regard to the sites of PVT, six of the eight PVTs identified in this study were found in the UP and 5 patients had undergone sectionectomy on the left side. A previous report suggested a higher PVT incidence in the UP than in other sites, and that left lateral sectionectomy was a risk factor for PVT[6]. Thrombi occur due to three factors (i.e., stasis of blood flow, hypercoagulable state, and endothelial injury), known as Virchow’s triad[18]. Blood stasis occurs due to the shape of the UP, which flows dorsal to ventral and caudal to cranial, especially following liver transection. The initial site of PVT is unknown, but this study detected small PVTs in the UP. Turbulent flow caused by reduced liver parenchyma after liver resection and a change in the shape of the UP in cases of sectionectomy on the left side may increase the risk of PVT.
Although this was a prospective study, it had several limitations. First, the incidence of PVT was lower than expected. The statistical power to analyze the risk factors for PVT was not optimal therefore, this protocol is ongoing to analyze larger population in the future. Second, E-CT and anticoagulant therapy were contraindicated. Third, cost-effectiveness is low for E-CT; therefore, routine ultrasonography may be more practical for the high-risk group in our study. Fourth, E-CT alone was insufficient to detect a small PVT on day 1. Therefore, it is necessary to combine coagulation makers and images.

CONCLUSION
In conclusion, sectionectomy on the left side should be cautiously managed, as this patient group showed the highest risk of PVT. Immediate anticoagulant therapy from the first day after surgery is recommended for patients at high risk for PVT.

ARTICLE HIGHLIGHTS
Research background
Portal vein thrombus (PVT) is one of the potentially lethal complication after liver resection; however, its etiology and the way for immediate treatment is unsettled.

Research motivation
Based on our experience, we tried to resolve hepatic failure due to huge PVT.

Research objectives
The study was conducted in patients who underwent open liver resection for cancer in our institution.

Research methods
Retrospective but retrospectively collected cohort.

Research results
In a total of 235 patients, 8 had major PVT. We successfully treated the patients with anticoagulant therapy without adverse events. No hepatic failure observed through this study.

Research conclusions
Performing enhanced computed tomography (CT) on post-operative day 1 is an effective option to find a thrombi at the portal vein close to the surgical site.

Research perspectives
The early detection of PVT by enhanced CT is a promising way to avoid hepatic failure after liver resection.
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Figure Legends
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[bookmark: _Hlk100315919]Figure 1 Patient flow of the analysis of portal vein thrombosis. Contrast-enhanced computed tomography was performed on the first day in 235 patients, who were categorized as high risk by three factors: Anatomical resection (165 patients), multiple resections (74 patients), and bile leakage (28 patients). Eight patients were detected with portal vein thrombosis in the high-risk group. E-CT: Contrast-enhanced computed tomography; POD: Post operative day; PVT: Portal vein thrombosis.
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Figure 2 Portal vein thrombosis distribution and frequency. The sites of portal vein thrombosis included those around the umbilical portion (UP) (62.5%, 5/8 patients) and in the apex of the UP (12.5%, 1 patient), as well as the P8 resection stump (12.5%, 1 patient) and the anterior portal vein branch (12.5%, 1 patient).
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Figure 3 Before and after anticoagulation therapy. A: In case 7, portal vein thrombosis (PVT) was found in the umbilical portion; B: PVT disappeared 140 d after starting anticoagulant therapy.
Table 1 Risk factors associated with portal vein thrombosis after liver resection
	Variables
	Univariate analyses
	Multivariate analyses

	
	PVT (+), n = 8
	PVT (-), n = 227
	P value
	OR
	95%CI
	P value

	Back ground characteristics
	
	
	
	
	
	

	Age
	69.9 ± 3.4
	67.8 ± 0.6
	0.54
	
	
	

	Male sex
	4 (50.0%)
	181 (79.7%)
	0.04
	0.25
	0.05-1.29
	0.10

	Hepatocellular carcinoma (+)
	7 (87.5%)
	190 (73.7%)
	0.77
	
	
	

	Multiple tumor
	2 (25.0%)
	72 (31.7%)
	0.69
	
	
	

	Heavy drinker
	2 (25.0%)
	55 (24.2%)
	0.96
	
	
	

	Portal vein embolization
	0
	12 (5.3%)
	0.50
	
	
	

	Body mass index
	24.8 ± 1.2
	23.7 ± 0.2
	0.39
	
	
	

	Preoperative anticoagulant therapy
	1 (12.5%)
	10 (4.4%)
	0.29
	7.95
	0.32-106.81
	0.17

	Diabetes mellitus
	2 (25.0%)
	92 (40.5%)
	0.38
	
	
	

	HBsAg (+)
	1 (12.5%)
	39 (17.2%)
	0.73
	
	
	

	HCVAb (+)
	2 (25.0%)
	52 (22.9%)
	0.89
	
	
	

	Platelet count as × 104/μL
	18.6 ± 7.8
	21.4 ± 1.5
	0.72 
	
	
	

	Albumin in g/dL
	4.2 ± 0.2
	4.2 ± 0.03
	0.79
	
	
	

	Total bilirubin in mg/dL
	0.7 ± 0.2
	0.7 ± 0.03
	0.92
	
	
	

	Prothrombin time, %
	93.8 ± 3.8
	93.4 ± 0.7
	0.94
	
	
	

	D-dimer in ng/mL
	1.7 ± 0.8
	1.7 ± 0.2
	0.97
	
	
	

	ICGR15, %
	15.0 ± 2.2
	11.7 ± 0.4
	0.14
	0.91
	0.82-1.02
	0.09

	Liver damage B
	0
	10 (6.3%)
	0.53
	
	
	

	Procedure
	
	
	
	
	
	

	Anatomical resection
	6 (75.0%)
	159 (70.0%)
	0.76
	
	
	

	Segmentectomy
	0
	48 (21.2%)
	0.14
	
	
	

	Sectiontectomy
	6 (75.0%)
	55 (24.2%)
	0.001
	12.20
	2.22-115.97
	0.003 

	Hemihepatectomy
	0
	56 (24.7%)
	0.11
	
	
	

	Surgical outcomes
	
	
	
	
	
	

	Operatin time in min
	324 ± 40
	374 ± 8
	0.21
	
	
	

	Hepatic clamping time in min
	76 ± 15
	89 ± 3
	0.38
	1.01
	0.99-1.03
	0.56

	Blood loss in g
	517 ± 186
	455 ± 35
	0.74
	
	
	

	RBC transfusion
	1 (12.5%)
	13 (5.7%)
	0.43
	
	
	

	Surgical results
	
	
	
	
	
	

	Complication CD ≥ 3a
	3 (37.5%)
	50 (22.0%)
	0.30
	
	
	

	Bile leakage
	2 (25.0%)
	26 (11.5%)
	0.25
	3.12
	0.35-21.58
	0.28

	Mortality
	0
	2 (0.9%)
	0.79
	
	
	

	Histological cirrhosis
	1 (12.5%)
	32 (14.1%)
	0.90
	
	
	


CD: Clavian-Dindo classification; CI: Confidence interval; HBsAg: Hepatitis B surface antigen; HCVAb: Hepatitis C virus antibody; OR: Odds ratio; PVT: Portal vein thrombosis; RBC: Red blood cell.


Table 2 Comparisons of left and right sides for each procedure
	
	
	PVT (+), n = 8
	PVT (-), n = 227
	P value
	OR
	95%CI

	Partial resection
	
	2 (25.0%)
	68 (30.0%)
	0.76
	0.78 
	0.15-3.96

	Segmentectomy
	Left
	-
	8 (3.5%)
	0.59
	
	

	
	Right
	-
	40 (17.6%)
	0.19
	
	

	Sectiontectomy
	Left
	5 (62.5%)
	24 (10.6%)
	< 0.0001
	14.10 
	3.17-62.71

	
	Right
	1 (12.5%)
	31 (13.7%)
	0.93
	0.90 
	0.11-7.60

	Hemihepatectomy
	Left
	-
	37 (16.3%)
	0.21
	
	

	
	Right
	-
	19 (8.4%)
	0.39
	
	


CI: Confidence interval; OR: Odds ratio; PVT: Portal vein thrombosis.


[bookmark: _Hlk100764533]Table 3 Portal vein thrombosis cases, treatments, and outcomes
	Case
	No of patients
	Age
	Sex
	Diagnosis
	Extent of resection
	PVT location
	Anticoagulation
	Outcome
	PVT treatment period in d

	1
	65
	71
	Male
	HCC
	Left medial sectionectomy
	UP
	Heparin, warfarin
	Resolved
	53

	2
	135
	83
	Male
	ICC
	Left lateral sectionectomy
	Lt branch, UP
	Heparin, warfarin
	Resolved
	37

	3
	151
	50
	Female
	HCC
	Left lateral sectionectomy, partial resection (S1)
	UP
	Heparin, warfarin
	Resolved
	63

	4
	214
	75
	Female
	HCC
	Left lateral sectionectomy
	UP
	Warfarin
	Resolved
	59

	5
	385
	78
	Female
	HCC
	Partial resection (S8)
	P8 stump
	Edoxaban
	Stable
	46

	6
	391
	70
	Male
	HCC
	Right posterior sectionectomy
	Anterior branch
	Heparin, warfarin
	Resolved
	44

	7
	417
	75
	Female
	HCC
	Partial resection (S4, S7)
	UP
	Heparin, edoxaban
	Resolved
	140

	8
	475
	57
	Male
	HCC
	Left medial sectionectomy
	UP
	Heparin, edoxaban
	Resolved
	58


HCC: Hepatocellular carcinoma; ICC: Intrahepatic cholangiocarcinoma; PVT: Portal vein thrombosis; UP: Umbilical potion.
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