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Introduction

Initially described in 2001 by Jacques Belghiti et al. [START_REF] Belghiti | Liver hanging maneuver: a safe approach to right hepatectomy without liver mobilization[END_REF] the Liver Hanging Maneuver is commonly used to facilitate right hepatectomies with anterior approach [START_REF] Lai | Anterior approach for difficult major right hepatectomy[END_REF]. The Liver Hanging Maneuver consists in inserting a tape through the avascular retrohepatic channel between the anterior surface of the IVC and the posterior liver surface [START_REF] Belghiti | Liver hanging maneuver: a safe approach to right hepatectomy without liver mobilization[END_REF][START_REF] Gaujoux | Liver hanging maneuver: an anatomic and clinical review[END_REF]. It allows "to hang" the liver's posterior surface without primary liver mobilization, enables control of bleeding at the deeper parenchymal plane and guides hepatic transection to the IVC. Several variations of this technique have been described in order to facilitate all types of anatomical liver resection (herein described according to the Terminology Committee of the International Hepato-Pancreato-Biliary Association [START_REF] Strasberg | Nomenclature of hepatic anatomy and resections: a review of the Brisbane 2000 system[END_REF]). Main contra-indications include tumors invading the hepatocaval confluence, the inferior vena cava (IVC) or biliary bifurcation as blind dissection may be a source of severe bleeding or risk of tumor breach.

Main complication of this technique is bleeding from the IVC or one of its tributaries. In this case, hanging maneuver should be abandoned while a simple compression controls bleeding in most cases.

The aim of this technical note is to describe the main modifications of the Liver Hanging Maneuver and their current surgical application for open hepatectomy. Caudally: The anterior plane of the infrahepatic inferior vena cava (IVC) is dissected immediately posterior to the caudate lobe between 10 -12 o'clock. A long Kelly clamp is inserted upwardly on the left side of a right inferior hepatic vein (if present) or a short hepatic vein and emerges between the RHV and MHV fossa (Figure 1A). A tape, a drain (a 12 Fr silicone drain) or a nasogastric tube is then grasped and pulled through the avascular retrohepatic channel. It will hang the posterior surface of the liver and will guide transection along the main portal fissure (or midplane) up to the anterior surface of the IVC (Figure 1B).

Figure 2: Modified hanging maneuver in right hepatectomy with middle hepatic vein preservation or in left hepatectomy extended to segment 1 with middle hepatic vein resection (mirror procedure)

As extension to Belghiti's original technique, the lower end of the drain can be retrieved behind the hilar plate and right hepatic pedicle once the liver transection plane arrives on the roof of the hilar plate [START_REF] Kokudo | Sling suspension of the liver in donor operation: a gradual taperepositioning technique[END_REF][START_REF] Kim | Various liver resections using hanging maneuver by three glisson's pedicles and three hepatic veins[END_REF]. The thin caudate process parenchyma is opened in front of the IVC, giving access to the dorsal surface of the hilar plate and a right angle pulls up the drain behind the hilar plate.

Alternatively, as described by Boudjema et al. [8], the posterior surface of segment 4 capsule can be opened immediately above the hilum on the left side of the gallbladder fossa before any liver transection. The tip of a right-angled dissector is gently pushed in the liver substance from front to back while maintained against the hilar plate and around the Glisson's sheath, until it arises in the caudate process just below the pedicle. This method provides the advantage of passing a second tape to permit clamping and demarcation of the anterior limit of the main portal fissure. Special attention should be paid to frequent glissonian pedicle variations (e.g. right glissonian pedicle trifurcation) which may be misleading during selective glissonian pedicle clamping [START_REF] Regimbeau | Liver resection; the approach via Glisson's capsule[END_REF]. Accurate preoperative liver imaging reading and intraoperative liver ultrasonography remain essential. A right-angled dissector enters the RHV-MHV fossa and exits on the left of the LHV in order to pull the upper end of the silicon drain behind the common trunk (Figure 4A).

Sectioning of the ligamentum venosum or Arantius ligament is usually required beforehand (Figure 4B). This dissection is more easily and safely performed from right to left.

Figure 5: Hanging maneuver in left hepatectomy with middle hepatic vein resection or right hepatectomy extended to segment 1 with middle hepatic vein conservation (second part)

The lower end of the drain runs behind the pars condensa along the ligamentum venosum in the Arantius groove (Figure 5A). A right-angled dissector enters over the left hepatic pedicle and emerges in the Arantius groove in order to retrieve the drain's lower end (Figure 5B). This can be performed either intra-parenchymaly or without any prior liver transection as described in Figure 2 [8]. The upper end of the silicon drain is initially positioned around the MHV-LHV common trunk (as described in Figure 4) and retrieved behind the left hepatic pedicle at the roof of the hilar plate (as described in Figure 5). Preserving the MHV during a left hepatectomy or removing it during a right hepatectomy extended to segment 1 demands repositioning of the hanging maneuver along the MHV's left edge. A right-angled dissector circumvents the MHV and retrieves the upper drain end between MHV and LHV confluence (as described in Figure 3). The drain is placed along the retrohepatic avascular channel as described in Figure 1. The upper drain end emerges between the MHV-RHV fossa while its lower end is retrieved above the right posterior hepatic pedicle (Figure 7A).

Circumvention of this pedicle can be performed after opening of liver parenchyma along the right portal fissure situated along the Rouviere's sulcus. It can also be performed before any liver transection: the tip of a right-angled dissector is gently pushed in the liver substance just above the Rouviere's sulcus origin (behind which the right posterior hepatic pedicle is located) while maintained against the hilar plate and around the Glisson's sheath, until it arises in the caudate process just below the pedicle. The lower drain end is therefore retrieved behind and above the right posterior hepatic pedicle (Figure 7B). -An anterior sectionectomy (segments 5, 8) combines a right hanging maneuver (A) as described in Figure 7 and a left hanging maneuver (B) as described in Figure 2 in order to guide liver transection along the main and right portal fissure.

Conclusion

Control of bleeding in the deeper parenchymal planes and guiding the direction of anatomic parenchymal transection are the main advantages of the liver HM. Since its first description, several variations of the original HM facilitate nowadays all types of anatomic liver resections.
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 7 Figure 7: Hanging maneuver along the right portal fissure (first part)
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