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CASE SERIES OF EXTENDED LIVER RESECTION ASSOCIATED WITH INFERIOR VENA CAVA RECONSTRUCTION USING PERITONEAL PATCH
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Introduction: Among various reported techniques for inferior vena cava (IVC) reconstruction, the superiority of one technique over another has not been clearly established.

This study aimed at reporting the technical aspects of caval reconstruction using peritoneal patch during extended liver resections.

Methods: All consecutive patients who underwent extended liver resection associated with anterolateral caval reconstruction using a peritoneal patch from 2016 to 2019 were included in this study. Technical insights, intra-operative details, short and long-term results were reported.

Results:

Overall six patients underwent caval reconstruction using peritoneal patch under total vascular exclusion. Half of them required veno-venous bypass. Caval involvement ranged from 30 to 50% of the circumference and from 5 to 7 cm of the length of the IVC.

Caval reconstructions was performed using a peritoneal patch harvested from the falciform ligament in four cases and from the right pre-renal peritoneum and right part of the diaphragm in one case each. Three cases underwent associated reimplantation the remnant hepatic vein.

Median intra-operative blood loss and TVE duration were 500 ml and 41 min, respectively.

One case experienced a severe complication (liver failure leading to death). R0 resection was achieved in all patients. All patients had patent IVC and remnant hepatic vein at last followup and none was on long-term therapeutic anticoagulation.

Conclusion:

Caval reconstruction using a peritoneal patch in patients undergoing extended liver resection is feasible and cost-effective and associated with excellent long-term results.

Introduction

For liver tumors involving the anterior wall of the inferior vena cava (IVC) or the hepato-caval confluent, anterolateral IVC resection associated with extended liver resection may be required [START_REF] Azoulay | In situ hypothermic perfusion of the liver versus standard total vascular exclusion for complex liver resection[END_REF]. Yet, these complex procedures remain associated with significant morbidity and mortality [START_REF] Azoulay | Complex Liver Resection Using Standard Total Vascular Exclusion, Venovenous Bypass, and In Situ Hypothermic Portal Perfusion: An Audit of 77 Consecutive Cases[END_REF]. Hence, the first key step of these procedures aims at optimizing clamping time and limiting liver remnant injury, which requires experience with total vascular exclusion and use of veno-venous bypass associated with hypothermic perfusion of the liver [START_REF] Cauchy | In Situ Hypothermic Perfusion of the Liver for Complex Hepatic Resection: Surgical Refinements[END_REF]. The second technical challenge accounts for the reconstruction of a large caval defect, which may also involve the remnant hepatic vein(s) and may be either directly closed or repaired using heterologous venous or synthetic grafts [START_REF] Dokmak | Parietal Peritoneum as an Autologous Substitute for Venous Reconstruction in Hepatopancreatobiliary Surgery[END_REF].

Several reports have recently emphasized the value of peritoneal patch for the reconstruction of major vascular structures during complex liver or pancreatic surgical procedures. Compared with polyester or polytetrafluoroethylene grafts, peritoneal patch has the advantage of decreasing the risk of thrombosis and graft infection [START_REF] Dokmak | Parietal Peritoneum as an Autologous Substitute for Venous Reconstruction in Hepatopancreatobiliary Surgery[END_REF]. Furthermore, the use of this patch does not require therapeutic anticoagulation, which may be difficult to manage during the early postoperative period of these procedures at increased risk of bleeding [START_REF] Pulitanó | The use of biological grafts for reconstruction of the inferior vena cava is a safe and valid alternative: results in 32 patients in a single institution[END_REF]. Compared with other biological grafts, such as autologous venous grafts or allografts from tissue banks, peritoneal patch is inexpensive, available within the same operative field, even for large surface, and their procurement does not require additional incision or lead to venous deprivation. Hence, various studies have emphasized both adjustability and practical usefulness of peritoneal patch with very few drawbacks [START_REF] Dokmak | Parietal Peritoneum as an Autologous Substitute for Venous Reconstruction in Hepatopancreatobiliary Surgery[END_REF]. Despite a first reported use for caval reconstruction in 1999 [START_REF] Chin | Inferior vena caval resection with autogenous peritoneo-fascial patch graft caval repair: a new technique[END_REF], only a few small-sized series have to date focused on the specific use of peritoneal patch for partial caval reconstruction during complex liver surgery [START_REF] Pulitano | Autogenous peritoneo-fascial graft: a versatile and inexpensive technique for repair of inferior vena cava[END_REF] and synthetic or autologous/allogenic vascular grafts remain more likely described for this indication (8) (9) [START_REF] Aoki | Hepatic resection with reconstruction of the inferior vena cava or hepatic venous confluence for metastatic liver tumor from colorectal cancer[END_REF]. At our center, peritoneal patch has been largely used for several years, including for hemi-circumferential caval reconstruction [START_REF] Dokmak | Parietal Peritoneum as an Autologous Substitute for Venous Reconstruction in Hepatopancreatobiliary Surgery[END_REF]. In the present study, we report on the technical aspects of caval reconstruction using peritoneal patch during extended liver resections.

Methods

Study design and participants

All consecutive patients who underwent liver resection associated with anterolateral IVC resection and reconstruction using peritoneal patch at the department of HPB surgery and liver transplantation of Beaujon hospital, between 2016 and 2019 were enrolled.

All resections were performed with curative intent. Surgery was performed as previously described (3) by two senior HPB surgeons (X and X). Parenchymal transection was performed using the two-surgeon technique [START_REF] Aloia | Two-surgeon technique for hepatic parenchymal transection of the noncirrhotic liver using saline-linked cautery and ultrasonic dissection[END_REF] with the ultrasonic dissector and bipolar forceps under low (less than 5 mmHg) central venous pressure [START_REF] Jones | Central venous pressure and its effect on blood loss during liver resection[END_REF]. Patients' charts, perioperative characteristics and postoperative results were analyzed retrospectively.

Given the purely observational nature of the study and since no patient was contacted for the purpose of this study, informed written consent was waived according to French legislation. This case series was structured in line with the PROCESS criteria (13).

Peri and post-intervention considerations

Preoperative investigations included complete blood and liver function tests (as recorded the day before surgery) as well as routine anesthetic and cardiorespiratory evaluation. CT and magnetic resonance imaging (MRI) were performed to assess both the underlying liver and tumor characteristics. In patients requiring a resection with an anticipated future liver remnant liver <30% of the total liver volume in case of normal underlying liver and <40% in the presence of steatohepatitis or severe fibrosis, portal vein embolization (PVE) was performed followed with evaluation of liver hypertrophy on CT-scan 3-4 weeks later [START_REF] Abdalla | Improving resectability of hepatic colorectal metastases: expert consensus statement[END_REF].

Following LR, patients were seen daily by a physician until hospital discharge. A contrast enhanced thoraco-abdominopelvic CT scan was performed on postoperative day (POD) 7 or earlier in suspected cases of abdominal or pulmonary complications. Specific liver complications, were detailed as follows: post-hepatectomy liver failure (PHLF) was defined according to the ISGLS classification [START_REF] Rahbari | Posthepatectomy liver failure: a definition and grading by the International Study Group of Liver Surgery (ISGLS)[END_REF]. Postoperative complications were graded according to Dindo-Clavien classification [START_REF] Dindo | Classification of surgical complications: a new proposal with evaluation in a cohort of 6336 patients and results of a survey[END_REF], which defines severe complications by a grade ≥IIIa. Complications and mortality were considered as those occurring within 90 postoperative days.

Total vascular exclusion of the liver and hypothermic perfusion

TVE was performed as previously described (3). The supra-hepatic and infra-hepatic portions of the IVC were exposed, dissected and encircled. A Pringle maneuver was systematically performed.

In situ hypothermic perfusion was performed in case of anticipated TVE duration > 60 minutes and considering tumor size, presence of portal vein embolization and contact of the tumor with major vascular structure [START_REF] Azoulay | In situ hypothermic perfusion of the liver versus standard total vascular exclusion for complex liver resection[END_REF]. The portal vein or portal branch of the future liver remnant was catheterized above the Pringle tourniquet. The liver was infused in-situ with two to four liters of Custodiol or IGL-1 solution at 4°C. The perfusate was drained through a caval cannula placed directly in the retrohepatic IVC or using the cuff of the right adrenal vein.

Topical cooling with crushed ice placed in a plastic bag and surrounding the liver remnant was systematically added.

Mesenterico-femoro-axillary veno-venous by-pass (VVB)

A mesenterico-femoro-axillary VVB was placed in case of an anticipated TVE duration ≥ 60 min [START_REF] Navez | Complex liver resection under hepatic vascular exclusion and hypothermic perfusion with versus without veno-venous bypass: a comparative study[END_REF] [START_REF] Lapisatepun | Venovenous Bypass During Liver Transplantation: A New Look at an Old Technique[END_REF]. The right femoral and left axillary veins were punctured under ultrasound guidance using the Seldinger technique. The inferior mesenteric vein was dissected and taped.

These three veins were finally catheterized with 15-cm long polyurethane, wire-reinforced, thin-walled cannulas [START_REF] Budd | Morbidity and mortality associated with large-bore percutaneous venovenous bypass cannulation for 312 orthotopic liver transplantations[END_REF], which were connected, using a 10-mm tube with no branching tubules, to a Rotaflow Centrifugal Pump® [START_REF] Mendler | Seal-less centrifugal blood pump with magnetically suspended rotor: rot-a-flot[END_REF]. The entire blood contact surface (including the centrifugal pump, connectors and circuit tubes) was treated with a heparin-coating technique (T-NCVC coating) [START_REF] Nishinaka | Up to 151 days of continuous animal perfusion with trivial heparin infusion by the application of a longterm durable antithrombogenic coating to a combination of a seal-less centrifugal pump and a diffusion membrane oxygenator[END_REF]. No systemic anticoagulation was needed intra-operatively. During the post-operative period, standard low-weight heparin prophylactic anticoagulation therapy was started on postoperative day 1.

IVC anterolateral resection and reconstruction

At the end of parenchymal transection, when the tumor spreading to IVC and / or main hepatic veins was confirmed, the anterolateral wall of the IVC was resected with or without the anterior portion of the remnant hepatic vein to achieve R0 resection.

The peritoneal patch used for reconstruction could be harvested from three different sites: (i) the falciform ligament, (ii) the pre-renal peritoneum, or (iii) the right part of the diaphragm (4). The harvested patch was initially oversized and progressively tailored during anastomosis according to the extent of the caval defect. Two or three cardinal stitches were initially placed, and the peritoneal patch was then anastomosed using running sutures with monofilament (5/0 or 6/0 non-absorbable monofilament). Local heparinization (5000UI of heparin in 250cc normal saline) was performed before completing the anastomosis.

Once the anastomosis was achieved, the supra-hepatic IVC was unclamped and additional stiches to test the sealing of the anastomosis could be placed. The inferior part of the IVC and pedicle were then sequentially unclamped and the VVB was stopped and removed once hemostasis was judged satisfactory.

Results

Study population

During the study period, six patients underwent open liver resection with anterolateral IVC resection and caval reconstruction using a peritoneal patch. Demographic data and perioperative characteristics are displayed in Table 1.

Non circumferential IVC invasion was anticipated on pre-operative imaging for all cases. An example of pre and postoperative imaging (case #1) is displayed in Figure 1.

Case #5 was the only patient with underlying liver disease due to hepatitis B.

Histological examination of liver biopsy showed F3 fibrosis without steatosis and hepatic venous pressure gradient measurement was 3 mmHg.

Reconstruction after IVC anterolateral resection

All but one patient required TVE with associated hypothermic perfusion. The remaining patient underwent TVE without liver cooling. Intra-operative details are provided in Table 2. Caval involvement ranged from 30 to 50% of the circumference of the IVC and from 5 to 7 cm of the length of the IVC. Caval reconstruction was performed using a peritoneal patch harvested from the falciform ligament in 4 cases and from the right pre-renal peritoneum and right part of the diaphragm in one case each.

Three cases (#1, #2 and #5) did not require associated hepatic vein reconstruction. In one of them (case #2), segment 8 vein was included in the peritoneal patch on the right aspect of the caval reconstruction. Video 1 shows the main steps of this procedure.

Three cases (#3, #4 and #6) included the resection and reimplantation of a remnant hepatic vein. In this setting, the peritoneal patch was prolonged on the anterior side of the right (case #3) or left (cases #2 and #4) hepatic vein.

One patient (case #5) had an unexpected tumor involvement of the portal bifurcation, which required associated resection and reconstruction. Before VVB placement and TVE, an end-to-end anastomosis was performed between the portal trunk and the right portal branch and required 30 minutes of continuous pedicular clamping.

Short-term results

Postoperative liver biology is detailed in figure 2. Three patients experienced postoperative complications including one patient (case #5) experiencing severe complication (grade 3 post-hepatectomy liver failure leading to death). Cases #1 and #4 experienced chylous ascites, which resolved with specific diet. Case #1 experienced sepsis with documented bacteremia from the central venous catheter, which resolved with antibiotics and catheter ablation. Median length of ICU and hospital stays were 6 (1-11) and 12 days [START_REF] Aloia | Two-surgeon technique for hepatic parenchymal transection of the noncirrhotic liver using saline-linked cautery and ultrasonic dissection[END_REF][START_REF] Jones | Central venous pressure and its effect on blood loss during liver resection[END_REF][START_REF] Agha | The PROCESS 2018 statement: Updating Consensus Preferred Reporting Of CasE Series in Surgery (PROCESS) guidelines[END_REF][START_REF] Abdalla | Improving resectability of hepatic colorectal metastases: expert consensus statement[END_REF], respectively.

On pathological examination, R0 resection was achieved in all patients.

Long-term results and vascular patency

Case #1 had partial thrombosis of the IVC involving 50 per cent of the lumen. It was diagnosed on imaging on postoperative day 6 and was managed with therapeutic anticoagulation therapy using low-molecular-weight-heparin, for a total duration of 6 months.

After two weeks of efficient anticoagulation, the thrombosis had completely regressed on imaging (Figure 1b). Overall, except case #2 who died from post-hepatectomy liver failure unrelated to caval patency, all patients had patent IVC and remnant hepatic vein(s) at last follow-up and none was on long-term therapeutic anticoagulation.

Discussion

Liver resections for tumors involving the IVC or hepatocaval confluence are complex procedures, which could be beneficial provided reasonable morbidity and R0 resection are achieved. One way to limit morbidity would be to restore an optimal and physiological caval blood flow. On the opposite, the need to achieve sufficient margin clearance would justify radical vascular resection, which does not normally allow direct caval closure [START_REF] Machado | Resection and reconstruction of retrohepatic vena cava without venous graft during major hepatectomies[END_REF]. Among various reported techniques of IVC reconstruction, the superiority of one type of graft over another remains to be established [START_REF] Pulitanó | The use of biological grafts for reconstruction of the inferior vena cava is a safe and valid alternative: results in 32 patients in a single institution[END_REF]. In this setting, the choice of the graft for antero-lateral reconstruction of the IVC should be directed towards the most accessible and cost-effective solution, which is the peritoneal patch when technically feasible. This study emphasizes the feasibility and the practicability of this technique and therefore encourages its diffusion.

Excluding limited involvements of the anterolateral wall of IVC, which can be repaired easily with lateral clamping and direct closure, both size and shape of the IVC defect are difficult to accurately anticipate until the cavotomy is performed [START_REF] Machado | Resection and reconstruction of retrohepatic vena cava without venous graft during major hepatectomies[END_REF]. Yet, reconstruction of large-sized defects with the aim to restore a functional hepato-caval confluent and maintain an efficient outflow can be technically challenging [START_REF] Aoki | Hepatic resection with reconstruction of the inferior vena cava or hepatic venous confluence for metastatic liver tumor from colorectal cancer[END_REF]. In this setting, an ideal graft should be easily available and adjustable. In the present study, the peritoneal patch accounted for such features and proved efficient for defects reaching up to 50% of the total caval circumference, and even in cases requiring associated reconstruction of the remnant hepatic vein(s). While the observed postoperative morbidity was similar to that generally reported for such extensive procedures, vascular patency could be achieved in all cases without the need for anticoagulation therapy at last follow-up. In this report, the use of peritoneal patch was restricted to partial resection and reconstruction of the IVC since complete resection and caval replacement with PTFE tube is usually preferred in case of involvement > 50% of the circumference at our Department. Nevertheless, tubular peritoneal patch using parietal peritoneum from abdominal wall for caval replacement has been successfully reported and could represent an alternative, especially in situations at increased risk of synthetic graft infection (23) [START_REF] Pulitano | Autogenous peritoneo-fascial graft: a versatile and inexpensive technique for repair of inferior vena cava[END_REF].

At the beginning of the procedure, a large peritoneal patch is harvested and preserved in wet gauze. The site of procurement varied on a case by case basis. Our first choice of location is the falciform ligament as it is easy to recover and provides a large and robust graft with two mesothelial sides. In our Department, the falciform ligament is routinely and carefully preserved entirely during opening in case of an anticipated vascular resection associated with liver resection. If available, the falciform ligament should be harvested entirely from round ligament to the diaphragm, levelling the liver surface. In the absence of adequate falciform ligament, the right pre-renal peritoneum represents another easily accessible and robust graft. It should be harvested with a thin layer of fat to preserve the mesothelium allowing to strengthen the patch and to highlight the mesothelial side, which will face the IVC lumen. In case of thick IVC requiring a more solid patch, the diaphragmatic peritoneum associated with a thin fascia layer can be used [START_REF] Dokmak | Parietal Peritoneum as an Autologous Substitute for Venous Reconstruction in Hepatopancreatobiliary Surgery[END_REF]. However, this procurement may weaken the diaphragm leading to a risk of diaphragmatic hernia [START_REF] Esposito | Diaphragmatic hernia following liver resection: case series and review of the literature[END_REF]. Once the specimen is removed, the defect is measured in order to tailor the size of the harvested patch, before starting the anastomosis. Nonetheless, the patch is left voluntary oversized in order to perform an anastomosis without any tension and progressively readjusted upon anastomosis completion.

In comparison with anastomoses using other types of grafts, especially rigid and tubular synthetic ones, the use of peritoneal patch is probably more technically-demanding given its soft and elastic nature. In practice, exposure stiches on the edges of the caval defect and peritoneal patch with progressive adjustment of the patch are required to achieve optimal matching between the patch and the IVC. The plasticity of the patch may also be useful to improve the overall venous drainage of the liver remnant. On one hand, the same peritoneal patch can be extended to reconstruct the anterior wall of the hepatic veins and allow for preserving a large and efficient termination. On the other hand, hepatic veins can be reimplanted by simply including their terminations in the anastomosis. As an example, case # 2 underwent implantation of V8 in the anastomosis, which allowed preserving the outflow of segment 8 [START_REF] Kawaguchi | Influence of outflow-obstructed liver volume and venous communication development: A three-dimensional volume study in living donors[END_REF] after extended left hepatectomy. At the end of an anastomosis, the peritoneal patch should look floppy and protrude slightly on the IVC wall. This protrusion will resolve spontaneously during postoperative course.

The present study yields several inherent limitations related to its retrospective nature and small sample size. The present study yields several inherent limitations related to its retrospective nature and its sample size. Nevertheless, in contrast with other series reporting the results of the peritoneal patch for vascular reconstruction, this is one of the largest series, on a short study time period and focusing on caval reconstruction during extended liver resection (7) (4) [START_REF] Dokmak | Right Trisectionectomy and Caval Reconstruction with Peritoneal Patch Under Short Total Vascular Exclusion for Hepatocellular Carcinoma with Tumoral Thrombus in Suprahepatic Vena Cava[END_REF]. This study emphasized various caveats specific to this clinical situation. First, mastering both indications and art of TVE and VVB are perquisites to plan such procedures and, therefore, requires optimized communication with experienced anesthesiologists [START_REF] Navez | Complex liver resection under hepatic vascular exclusion and hypothermic perfusion with versus without veno-venous bypass: a comparative study[END_REF]. Second, as highlighted by other reports, this procedure remains highly morbid with a rate of postoperative mortality ranging from 5 to 20% of patients [START_REF] Zhou | A pooled analysis of combined liver and inferior vena cava resection for hepatic malignancy[END_REF] [START_REF] Delis | Combined liver and inferior vena cava resection for hepatic malignancy[END_REF] [START_REF] Azoulay | Vascular reconstruction combined with liver resection for malignant tumours[END_REF]. Hence, accurate selection of patients is mandatory [START_REF] Azoulay | Complex Liver Resection Using Standard Total Vascular Exclusion, Venovenous Bypass, and In Situ Hypothermic Portal Perfusion: An Audit of 77 Consecutive Cases[END_REF]. This perioperative morbidity is a consequence of the increased risk of liver failure related to the cumulation of extended liver resection (leaving small remnant liver volume), ischemic lesions related to prolonged clamping time and vascular reconstruction [START_REF] Hemming | Combined resection of the liver and inferior vena cava for hepatic malignancy[END_REF]. In this setting, blood loss and normothermic ischemia should be limited as much as possible and the two surgeon's technique is therefore strongly recommended to optimize the parenchymal transection [START_REF] Aloia | Two-surgeon technique for hepatic parenchymal transection of the noncirrhotic liver using saline-linked cautery and ultrasonic dissection[END_REF].

Conclusion

The peritoneal patch is a valuable, safe and cost-effective graft for caval reconstruction during liver resection. Its adjustability makes it perfectly suitable for large caval defect reparation and hepatic veins reconstruction and/or reimplantation. In this setting, the entire falciform ligament should be systematically preserved and harvested at the beginning of the liver resection in case of an anticipated vascular reconstruction. The present study provides the technical insights for an easy and practical use of this peritoneal patch. 
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 2 Intra-operative details and outcomes

	Cases	Normothermic	TVE	VVB	Blood loss	Transfusion	Outcome	LOS
		Ischemia (min)	(min)	(min)	(milliliter)	(PRBC	(Dindo-	(days)
						units)	Clavien)	
	Case 1	95	35	0	500	0	II	18
	Case 2	30	98	110	500	3	none	14
	Case 3	14	60	70	200	0	none	12
	Case 4	18	37	0	500	1	II	11
	Case 5	90	60	70	800	2	V	11
	Case 6	57	41	0	500	0	none	10

TVE: total vascular exclusion; VVB: veno-venous bypass; PRBC : Packed red blood cell; LOS: length of hospital stay
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Video legend

Video 1: Main steps of extended left hepatectomy involving inferior vena cava (part 1) with caval reconstruction using peritoneal patch and V8 reimplantation (part 2) (Case #2). 
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