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Abstract
BACKGROUND
[bookmark: OLE_LINK63][bookmark: OLE_LINK64][bookmark: OLE_LINK877][bookmark: OLE_LINK878][bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK61][bookmark: OLE_LINK62]Hepatic alveolar echinococcosis (AE) is most commonly found in retrohepatic inferior vena cava (RHIVC). Ex vivo liver resection and autotransplantation (ELRA) can better realize the radical resection of end-stage hepatic AE with severely compromised hepatocaval confluences, and reconstruction of the affected vessels. Currently, there is a scarcity of information regarding RHIVC reconstruction in ELRA.

AIM
[bookmark: OLE_LINK879][bookmark: OLE_LINK880][bookmark: OLE_LINK20]To propose reasonable RHICV reconstruction strategies for ex vivo liver resection and autotransplantation.

METHODS
[bookmark: OLE_LINK881][bookmark: OLE_LINK882]We retrospectively summarized the clinical data of 114 patients diagnosed with hepatic AE who treated by ELRA in our department. A total of 114 patients were divided into three groups according to the different reconstruction methods of RHIVC: Group A with original RHIVC being repaired and reconstructed (n = 64), group B with RHIVC being replaced (n = 43), and group C with RHIVC being resected without reconstruction (n = 7). The clinical data of patients, including the operation time, anhepatic phase, intraoperative blood loss, complications and postoperative hospital stay, were analyzed and the patients were routinely followed up. The normally distributed continuous variables were expressed as means ± SD, whereas the abnormally distributed ones were expressed as median and analyzed by analysis of variance. Survival curve was plotted by the Kaplan-Meier method.

RESULTS
[bookmark: OLE_LINK883][bookmark: OLE_LINK884]All patients were routinely followed up for a median duration of 52 (range, 12-125) mo. The 30 d mortality rate was 7.0% (8/114) and 7 patients died within 90 d. Among all subjects, the inferior vena cava (IVC)-related complication rates were 17.5% (11/63) in group A and 16.3% (7/43) in group B. IVC stenosis was found in 12 patients (10.5%), whereas thrombus was formed in 6 patients (5.3%). Twenty-two patients had grade III or higher complications, with the complication rates being 17.2%, 16.3%, and 57.1% in the three groups. The average postoperative hospital stay in the three groups was 32.3 ± 19.8, 26.7 ± 18.2, and 51.3 ± 29.4 d (P = 0.03), respectively.

CONCLUSION
[bookmark: OLE_LINK885][bookmark: OLE_LINK886]ELRA can be considered a safe and feasible option for end-stage hepatic AE patients with RHIVC infiltration. The RHIVC reconstruction methods should be selected appropriately depending on the defect degree of AE lesions in IVC lumen. The RHIVC resection without any reconstruction method should be considered with caution.
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[bookmark: OLE_LINK875][bookmark: OLE_LINK876]Core Tip: We retrospectively summarized and analyzed the clinical data of 114 patients diagnosed with hepatic alveolar echinococcosis (AE) treated by ex vivo liver resection and autotransplantation (ELRA) in our department between August 2010 and December 2020. This study is the first and largest cohort to specifically compare the different inferior vena cava (IVC) reconstruction methods in ELRA. We present a more quantitative IVC reconstruction strategy for end-stage hepatic AE patients with retrohepatic IVC infiltration based on the outcomes of this study and our experience.

INTRODUCTION
[bookmark: OLE_LINK887][bookmark: OLE_LINK888][bookmark: OLE_LINK889]Echinococcosis is an infectious zoonotic parasitic disease[1,2]. Notably, 90% of the global burden of this disease occurs in China, and echinococcosis has been a major public health problem in the Northwestern area of China[3,4]. Hepatic alveolar echinococcosis (AE) has been considered invasive growth and systematic metastasis[5,6], but its insidious onset and slow progression usually contribute to the delayed diagnosis. The mortality rate within 10 years after diagnosis is over 90% if the lesion is inadequately or not treated[7-9]. To date, radical surgery combined with albendazole treatment has been considered the best option for AE patients[10,11]. However, it is difficult to perform radical hepatectomy in vivo when AE lesion invades the hepatocaval confluence[12]. Generally, only 35%-40% of patients can be treated with conventional radical resection[7]. Fortunately, ex vivo liver resection and autotransplantation (ELRA) can better realize the radical resection of end-stage hepatic AE with severely compromised outflow tract, and reconstruction of the affected vessels[13].
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]Retrohepatic inferior vena cava (RHIVC) is often severely invaded by AE lesions, and resection of the invaded duct segment often presents a variety of irregular shapes, resulting in different inferior vena cava (IVC) reconstruction methods and the complex process. Proper RHIVC reconstruction may simplify graft liver implantation, which is a key element to postoperative recovery. To the best of our knowledge, there have been few studies on the reconstruction of IVC in ELRA worldwide[14,15], and no clear consensus has been reached on the optimal strategy. This research reported our experience with 114 hepatic AE patients using different IVC reconstruction methods in ELRA. This is the study with the largest sample size to date, which provides a quantitative strategy of IVC reconstruction for end-stage hepatic AE patients with RHIVC infiltration.

MATERIALS AND METHODS
[bookmark: OLE_LINK890][bookmark: OLE_LINK891][bookmark: OLE_LINK892]Patients
A total of 114 patients with end-stage hepatic AE who received ELRA at the First Affiliated Hospital of Xinjiang Medical University between August 2010 and December 2020 were retrospectively analyzed. All patients were divided into three groups: Group A was the repaired and reconstructed group (n = 64) that sought reconstruction of the original RHIVC by self-suture or vascular patch, group B was the RHIVC replacement group (n = 43) that completely replaced the RHIVC with substitute vessels, and group C was the RHIVC resection without reconstruction group (n = 7) that excised the invaded RHIVC segment without reconstruction (Table 1). 

Medical ethical approval
This study was approved by the Ethics Committee of First Affiliated Hospital of Xinjiang Medical University and conducted in accordance with the Helsinki Declaration[16]. Written and signed informed consent was obtained from all patients or their legal custodians.

Preoperative assessment 
All subjects underwent comprehensive preoperative evaluation, including abdominal computed tomography angiography (CTA) and hepatic magnetic resonance imaging, to assess the location of the lesion, the extent of vessel and bile duct involvement. For patients whose CTA results suggested RHIVC severe stenosis or occlusion, IVC digital subtraction angiography was also performed. The predicted autograft liver mass (GLM) was detected by a three-dimensional reconstruction system. 

Surgical procedures
More details of the ELRA procedures are reported in our previous study[13]. Here, we focused on the reconstruction of IVC. First, we ligated and resected the IVC between the upward side of the confluence of three hepatic veins and the site at 1 cm above the confluence of renal vein, and removed it together with the liver. Then the RHIVC was reconstructed in vitro individually depending on the defect of lumen wall after radical resection of AE lesion. When the defect was less than 120° of the lumen circumference, it was considered that directly suturing the defect of wall did not affect vascular tension or patency, and thus self-suture repair was performed. When the defect was more than 120° of the circumference, we repaired the lumen defect with vascular patches such as ligamentum teres hepatis and internal jugular veins, because direct suturing might lead to stenosis in this case. Moreover, the RHIVC was replaced in patients with extensive defect and being unable to obtain adequate vascular patches. The hepatic veins of autograft liver were anastomosed with an alternative vessel. In this case, the position and angle of anastomosis were relatively freely controlled, which facilitated the increased reflux of hepatic outflow and further improved the recovery of autograft liver function (Figure 1). 
Uniquely, for some patients in this study, the preoperative CTA and IVC venography showed that the RHIVC segment was completely occluded, and suitably compensated by the collateral branches. During the operation, we further verified whether the RHIVC was completely occluded and whether the collateral circulation was sufficient. Finally, for the 7 patients, the AE infiltrated segment of IVC was resected without any reconstruction, the proximal end of IVC was anastomosed with autogenous hepatic vein, and the distal end was closed directly (Figure 1).

Postoperative management and follow-up
After surgery, all patients received systemic anticoagulant therapy. Low-molecular-weight heparin was used in the 1st week, and prothrombin time (PT) and international normalized ratio (INR) were closely observed. In the 2nd week, oral tablets were substituted, and patients in group A and group C were recommended to withdraw these drugs 1 mo later when the PT and INR returned to normal levels. Patients in group B, however, needed to continue the medication for a long term and closely observe the coagulation index regularly. Each patient was regularly followed up, and serological tests, liver function tests and CTA scans were performed every 3-6 mo after discharge. Postoperative complications were assessed according to the Clavein-Dindo classification system[17]. All patients were administered with albendazole (10 mg/kg/d) routinely for 2 years[18].

Statistical analyses
The statistical software IBM SPSS 22.0 (IBM Corp, Armonk, NY, United States) was used for data analysis. The normally distributed continuous variables were expressed as means ± SD, whereas the abnormally distributed ones were expressed as medians and analyzed by analysis of variance. Survival curve was plotted by the Kaplan–Meier method. P < 0.05 was considered statistically significant.

RESULTS
[bookmark: OLE_LINK893][bookmark: OLE_LINK894]Patient characteristics
Altogether 114 patients were treated by ELRA, including 50 males (43.9%) and 64 females (56.1%), with an average age of 36.2 ± 11.8 (range, 15-64) years. Preoperative PTCD or ERCP was performed in 25 patients to reduce the bilirubin levels and biliary obstructions. There were 21 patients with a previous history of hepatectomy. Albendazole therapy was administered to 27 patients. The average GLM was 828.3 ± 250.8 g. There were no significant differences in basic clinical data among the three groups (P > 0.05; Table 1). 

Intraoperative outcomes
Intraoperative reassessment confirmed that AE lesions invaded the RHIVC in all patients, and RHIVC repair or reconstruction was needed. Among them, the self-suture repairing was performed in 52 patients with a defective RHIVC lumen less than 120° of circumference after R0 resection. The lumen defect was repaired with autologous vascular patches in 12 patients whose defect was 120°-180° of wall circumference. Meanwhile, 43 patients had defect exceeding 180° of circumference with extensive range and difficulty in reestablishing with autogenous patches. For these cases, the RHIVC was replaced with artificial vascular grafts (n = 38) or allogeneic vascular (n = 5). In another 7 patients, preoperative imaging examination indicated that the RHIVC segment was occluded and a collateral circulation network was formed. During the operation, stable systemic hemodynamics with no obvious intestinal congestion was found after the IVC was ligated. Finally, the RHIVC was resected without reconstruction (Figure 2). The average operation time was 16.7 ± 2.9 h for group A, 15.5 ± 3.1 h for group B, and 16.9 ± 4.1 h for group C (P = 0.56), and the average anhepatic phase was 418.4 ± 108.3, 383.9 ± 117.0, and 337.4 ± 108.7 min in groups A, B and C (P = 0.41; Table 2).

Postoperative and follow-up outcomes
All patients were followed up with a median duration of 52 (range, 12-125) mo, except for 1 patient who was lost to follow-up at 6 mo after the operation. No intraoperative death occurred. The 30 d mortality rate was 7.0% (8/114) and another 7 patients died within 90 d (15/114). Among all subjects, the IVC-related complication rates were 17.5% (11/63) in group A and 16.3% (7/43) in group B. IVC stenosis was found in 12 patients (10.5%), and thrombus was formed in 6 patients (5.3%). Twenty-two patients experienced grade III or higher complications according to the Clavin-Dindo classification system, and the complication rates were 17.2%, 16.3% and 57.1%, in the three groups (Table 3). The average postoperative hospital stay was 32.3 ± 19.8 d for group A, 26.7 ± 18.2 d for group B and 51.3 ± 29.4 d for group C (P = 0.03). Obviously, patients in group B obviously required a shorter postoperative hospital stay than the other two groups.
Kaplan-Meier survival analysis curve and log-rank test were used to observe the postoperative survival for the three groups based on the follow-up results. The survival rates of group A and group B were quite close, whereas that of group C was lower, but the differences were not statistically significant (P = 0.81). The early periods after surgery, especially in the 1st month, witnessed the high mortality rate (Figure 3).

DISCUSSION
[bookmark: OLE_LINK895][bookmark: OLE_LINK896][bookmark: OLE_LINK897]Hepatic AE is also known as “parasitic cancer,” which is ascribed to its tumor-like characteristics with infiltration of vessels or biliary structures and distant metastasis[19]. The insidious onset and slow progression of AE usually contribute to the delayed diagnosis, and hepatic veins and RHIVC are often invaded by the time when treatment is sought in more than half of the patients, thus depriving them of the opportunity for traditional surgical resection[20,21]. In 1986, the Liver Transplantation Center of Bezancon Hospital in France was the first to report allogeneic liver transplantation (ALT) for an end-stage hepatic AE patient[22]. Since then, more successful clinical cases and treatment experience with liver transplantation for end-stage hepatic AE have been reported worldwide[23-26]. However, a shortage of donor livers and a significant recurrence rate have limited the further development of ALT for hepatic AE[24,27]. In 2010, our center first applied ELRA to manage a patient with end-stage hepatic AE[28]. Compared with ALT, this technique requires no graft donor or immunosuppressive treatment, and is more affordable[29,30]. In particular, it is more suitable for patients with severe invasion of RHIVC and intrahepatic veins whose are unresectable by traditional surgical methods. Notably, the corresponding reconstruction of autograft liver RHIVC remains the most challenging step in the ELRA procedures, since no uniform fixed pattern is available and individual design is required. To date, very few studies have investigated the reconstruction of IVC in ELRA worldwide (Table 4), and no clear consensus has been reached on the optimal reconstruction strategy. In this study, we analyzed the largest series of end-stage hepatic AE cases with seriously infringed RHIVC who received ELRA treatment, and discussed the safety and effectiveness of three different IVC reconstruction methods.
Reconstruction options for the RHIVC are assessed individually from preoperative evaluation and intraoperative reassessment of vascular defect. In our center, the repairing and reconstruction method was used when the defect in the RHIVC was less than 180° of the lumen circumference after radical resection of the lesion. The average operation time and anhepatic phase of this pattern were relatively longer than the other two methods, which was attributed to the diversity and complexity of this approach. RHIVC stenosis occurred in 10 patients, but only 1 developed lower limb edema, and the symptoms disappeared after balloon dilation. Meanwhile, no clinical symptoms were found in the other 9 patients. It seemed that IVC stenosis after surgery might be related to the longer cold ischemia time and tunica intimal injury during the reconstruction process. In this regard, strict management of the reconstruction time and shortening the cold ischemia phase as much as possible are the key factors for preventing IVC stenosis[31]. Based on previous reports[32,33] and our experience, the ligamentum teres hepatis is applied most often as a vascular patch, due to its convenience and strong plasticity. Postoperative patency and prognosis of these patients are satisfactory, suggesting that reconstruction with autogenous materials may be the optimal choice for RHIVC, although the process is complex and demanding.
Generally, replacement of the RHIVC is indicated for patients those with a large defect after resection that cannot be repaired by suture or patch. In the present study, 38 patients had the RHIVC replaced with artificial vessels, and 5 were treated with the cryopreserved allogeneic vascular donated after citizen death (DCD). Due to the shortage of resources, rejection, high preservation requirements and time restrictions, DCD vessels are not the first choice for substitute material. In our center, the expanded polytetrafluoroethylene artificial vessel (Sokang Corp, Shanghai, China)[34] is generally preferred. RHIVC replacement with artificial vascular is not only convenient, but also effectively shortens the anhepatic phase and operation time. On the other hand, artificial vessels are associated with potential risk, including venous thrombosis, artificial vascular malformation, and distortion or stenosis of anastomoses caused by postoperative liver hyperplasia. In our research, thrombosis of artificial vessels occurred in 5 patients, among them, 2 died of liver failure due to simultaneous thrombosis of the IVC and portal vein. Another 3 patients developed lower limb or scrotal edema, and the symptoms recovered after symptomatic treatments, including thrombolysis and anticoagulation. In addition, stenosis of anastomoses was found in 2 patients. As there may not be any clinical means for decreasing the incidence of graft thrombosis and stenosis apart from anti-coagulation and anti-infective treatment, we recommend that replacement of RHIVC with artificial materials should be avoided when it can be reestablished with autogenous materials.
Hepatic AE behaves like a slow-growing “warm cancer,” and occlusion and severe stenosis of the IVC is a chronic process, which provides sufficient time for the establishment of collateral circulation. The obstructed blood flow can induce expansion of lumbar vein plexus, azygos vein and hemiazygos vein on both sides of the spine, as well as the formation of a functional collateral circulation network[32] Although the extent of vascular invasion is a vital indicator for the choice of reconstruction method, it remains controversial whether the IVC should be reconstructed for patients with adequate collateral circulation. Blair et al[35] proposed that, for low-grade retroperitoneal sarcoma, resection without reconstruction was performed after the establishment of collateral circulation. In addition, Hardwigse et al[36] also reported IVC resection without reconstruction in 6 patients with hepatic carcinoma. Unlike malignant tumors, the parasite grows relatively slow, which provides enough time for the organism to form collateral circulation. Among our subjects, 7 received RHIVC resection without reconstruction, since a sufficient collateral path was formed, but the outcomes were unsatisfactory. To be specific, postoperative complications occurred in all 7 patients, and their survival rate was only 71.1%. One patient died of liver failure on the 14th day after operation, and another one died of multiple organ failure caused by severe abdominal infection on the 38th day after operation. There is little previous information available concerning resection without reconstruction of the RHIVC in ELRA (Table 4). Before this study, Du et al[37] reported 8 patients receiving IVC resection without reconstruction, thus supporting this approach from the most reported cases at that time. In their subjects, 1 patient died of upper gastrointestinal bleeding, and 3 developed lower extremity or scrotal edema. Comparatively, the complication rate and postoperative hospital stay in our study were relatively high, which might be related to the immature collateral circulation or pathway destruction by excessive traction of diaphragm. It cannot be determined whether these poor outcomes are related to not providing reconstruction, and more studies are needed for further elucidation. To be sure, a comprehensive preoperative evaluation system and a meticulous intraoperative procedure are essential to the success of this method.
Surgical planning based on a reasonable strategy can improve the success rate of operation and reduce related complications. In this study, although adverse outcomes were not entirely avoided, the postoperative complications and prognosis were acceptable, showing that our approaches were relatively safe and effective on end-stage hepatic AE with infiltrating outflow vessels of the liver. Based on the outcome of the present study and our experience, the following strategies are recommended for IVC reconstruction in hepatic AE patients treated by ELRA: (1) When the wall defect of the IVC after radical resection is less than 120° of the lumen circumference, the self-suture method can be used; (2) If the defect is 120°-180° of circumference, repair with autogenous vascular patches is the optimal choice; (3) When the defect has exceeded 180° of circumference and is difficult to repair by autologous patches, the RHIVC should be replaced. However, the strict anticoagulation therapy must be provided postoperatively; and (4) The RHIVC resection without reconstruction approaches are suitable when the IVC is completely blocked and the collateral circulation is fully formed (Figure 4). Although this study reports a retrospective single-center experience, it is also the largest cohort to specifically compare the different IVC reconstruction methods in ELRA, which can serve as a reference for IVC reconstruction in liver transplantation.

CONCLUSION
[bookmark: OLE_LINK898][bookmark: OLE_LINK899][bookmark: OLE_LINK900]In short, ELRA can be considered a safe and feasible option for the end-stage hepatic AE patients with RHIVC infiltration. The RHIVC reconstruction approaches should be selected appropriately according to the lumen defect degree after radical resection. It should be emphasized that RHIVC resection without reconstruction should be considered with caution, and RHIVC reestablishment may be more beneficial for patients with poor compensation. Regrettably, the strategy does not consider the length of the wall defect, since it is related to the location, angle, elasticity and tension of the vessel, all of which are hard to be quantified without a larger dataset of cases. Therefore, prospective, multicenter studies with long-term follow-up are necessary to further evaluate and improve the strategy presented here.

ARTICLE HIGHLIGHTS
Research background
[bookmark: OLE_LINK901][bookmark: OLE_LINK902]Ex vivo liver resection and auto-transplantation (ELRA) can better realize the radical resection of end-stage hepatic alveolar echinococcosis (AE) with severely compromised hepatocaval confluences, and the reconstruction of the affected vessels.

Research motivation
[bookmark: OLE_LINK903][bookmark: OLE_LINK904]There are no clear consensus has been reached on the strategy for retrohepatic inferior vena cava (RHIVC) reconstruction in ELRA.

Research objectives
[bookmark: OLE_LINK905][bookmark: OLE_LINK906]To provide a strategy of RHIVC reconstruction for end-stage hepatic AE patients with hepatocaval confluence infiltration.

Research methods
[bookmark: OLE_LINK907][bookmark: OLE_LINK908]The clinical data of 114 patients, including the operation time, anhepatic phase, intraoperative blood loss, complications and postoperative hospital stay, were analyzed and the patients were routinely followed up.

Research results
[bookmark: OLE_LINK909][bookmark: OLE_LINK910]We found a lower survival rate in group C (resection without reconstruction method) than in groups A (self-suture repairing method) and B (replacement method). Also, the complications rate was higher in group C.

Research conclusions
[bookmark: OLE_LINK911][bookmark: OLE_LINK912]The RHIVC reconstruction methods should be selected appropriately depending on the defect degree of AE lesions in IVC lumen.

Research perspectives
[bookmark: OLE_LINK913][bookmark: OLE_LINK914]Our strategies can serve as a reference for IVC reconstruction in liver transplantation.
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Figure Legends
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[bookmark: OLE_LINK52][bookmark: OLE_LINK54][bookmark: OLE_LINK53]Figure 1 Schematic diagrams of retrohepatic inferior vena cava reconstruction methods. A-C: Hepatic alveolar echinococcosis (AE) lesion invades the hepatocaval confluence; D: Retrohepatic inferior vena cava (RHIVC) is invaded by the AE lesion (yellow arrow); E: RHIVC is extensive invaded (yellow arrow); F: RHIVC completely occluded (yellow arrow), and compensation by the collateral branches (black arrow); G: Self-repairing reconstruction method, showed vascular patch repair (red arrow) and self-suture repair (yellow arrow); H: RHIVC replacement method, showed the RHIVC after replacement (red arrow); I: RHIVC resection without reconstruction method, showed IVC anastomoses with graft liver hepatic vein (yellow arrow) and adrenal vein (red arrow), the collateral circulation branches after operation (black arrow). 
[bookmark: OLE_LINK49]
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[bookmark: OLE_LINK57][bookmark: OLE_LINK58]Figure 2 Intraoperative procedures. A: The infiltrated retrohepatic inferior vena cava (RHIVC); B: The large defect of RHIVC after radical resection; C: The RHIVC with self-suture repairing; D: The original RHIVC anastomoses with hepatic vein; E: The artificial blood vessel anastomoses with graft liver hepatic vein; F: The suprahepatic IVC anastomoses with left hepatic vein; G: The autologous RHIVC after reconstruction; H: Artificial RHIVC; I: Anastomotic stoma of suprahepatic IVC and hepatic vein.
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[bookmark: OLE_LINK925][bookmark: OLE_LINK926]Figure 3 Kaplan-Meier survival analysis curve. 
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[bookmark: OLE_LINK927][bookmark: OLE_LINK928][bookmark: OLE_LINK929][bookmark: OLE_LINK55][bookmark: OLE_LINK56]Figure 4 Strategy for retrohepatic inferior vena cava reconstruction in ex vivo liver resection and autotransplantation. CTA: Computed tomography angiography; D represents the defect of retrohepatic inferior vena cava lumen after resection; DSA: Digital subtraction angiography; RHIVC: Retrohepatic inferior vena cava. 
[bookmark: _Hlk34084631][bookmark: OLE_LINK67][bookmark: OLE_LINK68]
Table 1 Clinical data of 114 alveolar echinococcosis patients treated by ex vivo liver resection and autotransplantation
	Characteristics

	Group A, n = 64
	Group B, n = 43
	Group C, n = 7
	Total, n = 114
	P value

	Sex
	
	
	
	
	0.12

	Male
	24
	21
	5
	50
	

	Female
	40
	22
	2
	64
	

	Age in yr
	36.9 ± 12.3
	36.9 ± 10.5
	30.8 ± 14.1
	36.2 ± 11.8
	0.29

	Hepatitis B (+)
	3
	3
	1
	7
	0.37

	Intervention history
	
	
	
	
	0.84

	No
	30
	27
	5
	62
	

	Hepatectomy
	11
	9
	1
	21
	

	PTCD or ERCP
	17
	7
	1
	25
	

	Albendazole history
	16
	11
	0
	27
	0.31

	Extrahepatic lesion
	
	
	
	
	0.44

	No 
	51
	30
	6
	87
	

	Lung
	10
	9
	1
	20
	

	Kidney
	1
	1
	1
	3
	

	Atrium
	0
	1
	0
	1
	

	Brain
	4
	2
	0
	6
	

	Bone
	0
	1
	0
	1
	


ERCP: Endoscopic retrograde cholangio-pancreatography; PTCD: Percutaneous transhepatic cholangial drainage. 

Table 2 Intraoperative outcomes for 114 alveolar echinococcosis patients
	
	Group A, n = 64
	Group B, n = 43
	Group C, n = 7
	Total, n = 114
	P value

	Operative time in h
	16.7 ± 2.9
	15.5 ± 3.2
	16.9 ± 4.2
	16.3 ± 3.1
	0.56

	Anhepatic phase in min
	418.4 ± 108.3
	383.9 ± 117.0
	337.4 ± 108.7
	394.0 ± 114.5
	0.41

	Blood loss in mL
	1100 (400-15000)
	1000 (400-8000)
	2400 (800-14000)
	1000 (400-15000)
	0.07

	Blood transfusion in U
	5.8 ± 4.3
	5.9 ± 3.9
	14.8 ± 9.9
	6.4 ± 6.2
	0.90

	Postoperative hospital stays in d
	32.3 ± 19.8
	26.7 ± 18.2
	51.3 ± 29.4
	36.4 ± 21.7
	0.03

	GLM in g
	783.9 ± 233.5
	908.6 ± 262.0
	740.0 ± 235.6
	828.3 ± 250.8
	0.14

	GLM/SLM, %
	65.5 ± 18.9
	74.1 ± 20.5
	64.1 ± 17.8
	68.6 ± 19.8
	0.25

	Materials (n)
	Self-suture (52); Ligamentum teres hepatis (11); Internal jugular vein (1)
	Artificial vascular (38); Allogeneic vascular (5)
	Without reconstruction
	
	


GLM: Graft liver mass; SLM: Standard liver mass.

Table 3 Follow-up outcomes for 114 alveolar echinococcosis patients treated by ex vivo liver resection and autotransplantation
	
	Group A, n = 64
	Group B, n = 43
	Group C, n = 7
	Total

	Complications
	
	
	
	

	Clavien-Dindo Grade IIb or lower
	27 (42.2%)
	19 (44.2%)
	3 (42.9%)
	49 (43.0%)

	Clavien-Dindo Grade IIIa or higher 
	11 (17.2%)
	7 (16.3%)
	4 (57.1%)
	22 (19.3%)

	IVC related complications
	
	
	
	

	IVC thrombosis
	1 (1.6%)
	5 (11.6%)
	0
	6 (5.3%)

	IVC stenosis
	10 (15.6%)
	2 (4.7%)
	0
	12 (10.5%)

	Liver related complications
	
	
	
	

	Biliary leakage
	9 (14.1%)
	7(16.3%)
	3 (42.9%)
	19 (16.7%)

	Budd-chiari syndrome
	1(1.6%)
	1(2.33%)
	0
	2 (1.8%)

	Hepatic dysfunction
	8 (12.5%)
	3(7.0%)
	1 (14.3%)
	12 (10.5%)

	Pleural effusion
	19
	10
	0
	29

	Ascites
	8
	6
	3
	17

	Renal failure
	3
	0
	0
	3

	Bone marrow suppression
	0
	0
	1
	1

	Abdominal infection
	2
	2
	1
	5


[bookmark: OLE_LINK75][bookmark: OLE_LINK76][bookmark: OLE_LINK77][bookmark: OLE_LINK69][bookmark: OLE_LINK70]IVC: Inferior vena cava.

Table 4 Literature summary of inferior vena cava reconstruction in ex vivo liver resection and autotransplantation
	[bookmark: _Hlk106302944]Ref.
	Number of cases
	IVC reconstructed
	Reconstructed type
	Follow up time in mo
	Effect of reconstruction

	Wen et al[28], 2011
	1
	No
	-
	-
	-

	Hwang et al[34], 2012
	6
	No
	-
	-
	-

	Lei et al[15], 2015
	1
	Yes
	III
	12
	Satisfied

	[bookmark: OLE_LINK27][bookmark: OLE_LINK28]Wen et al[29], 2016
	15
	No
	-
	-
	-

	Shen et al[14], 2018
	45
	Yes
	I and II
	22
	Satisfied

	Aji et al[13], 2018
	69
	No
	-
	-
	-

	Du et al[37], 2019
	8
	Yes
	III
	23
	Satisfied

	Ran et al[32], 2019
	1
	Yes
	III
	-
	-

	Kong et al[38], 2019
	2
	No
	-
	-
	-

	Yang et al[39], 2020
	5
	Yes
	III
	18
	Unsatisfied

	Zhang et al[40], 2020
	1
	Yes
	II
	6
	Satisfied

	Ran et al[41], 2021
	7
	Yes
	III
	64
	Unsatisfied

	Jiang et al[33], 2021
	6
	Yes
	I
	17.5
	Satisfied


IVC: Inferior vena cava. Reconstructed type: I: Retrohepatic inferior vena cava (RHIVC) self-repairing reconstruction; II: RHIVC replacement; III: RHIVC resection without reconstruction; -: There is no related description. 
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