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Abstract

The reconstruction of the vascular outflow tract of partial liver grafts has received considerable attention in the past, especially in the setting of right liver grafts with undrained segments. Hepatic venous outflow reconstruction is an important factor for succ​essful living donor liver transplantation outcome. However, in presence of undrained anterior sector and presence of multiple short hepatic veins that drain substantial portions of liver, outflow reconstruction without backtable venoplasty may lead to severe graft congestion and subsequent graft dysfunction. Various backtable venoplasty techniques in presence of multiple hepatic veins that can be used in either right- or left-lobe liver transplantation are devised to ensure a single, wide outflow channel. In this overview, various techniques to overcome the hepatic venous variations of liver allograft and outflow reconstruction are discussed. 
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Core tip: Outflow reconstruction in living donor liver transplantation is crucial for proper graft functioning. The right liver graft is a partial graft and requires backtable venoplasty to restore segmental venous drainage. A right liver graft without the middle hepatic vein along with presence of multiple short hepatic veins makes outflow reconstruction technically complex. To avoid postoperative liver congestion, suitable surgical techniques are applied to form a common outflow channel that provides adequate drainage for all the segments of liver. This article gives a comprehensive viewpoint for the venous outflow reconstruction in living donor liver transplantation.
INTRODUCTION

In Asia, living donor liver transplantation (LDLT) was adapted and later became the most successful and safe source for liver allografts as the deceased organ donation remains scarce[1]. The living donor liver allo​graft is a partial graft and graft size discrepancy always remains a concern. Graft-to-recipient-weight ratio > 0.8% is considered an adequate for proper liver graft functioning after the transplantation. To alleviate the problem of graft size disparity, an extended right liver graft, which includes the trunk of the middle hepatic vein (MHV), was devised and later same group concluded the safety of the MHV inclusion without any morbidity in the donors[2,3]. However, inclusion of the MHV in the donor liver graft remains a topic of controversy as the critics think this may increase chance of donor morbidity and right liver allografts without the MHV yield similar results. But, the grafts that are devoid of MHV may cause worrisome congestion of anterior sector that may increase the risk of post-operative liver dysfunction and infection. All the MHV tributaries must be reconstructed during backtable procedure to provide an effective venous drainage, because a balanced portal vein and hepatic artery inflow along with an adequate venous outflow are the crucial factors for successful outcomes after LDLT[4]. In absence of an adequate graft venous drainage, the portal inflow can cause damaging effects on the liver allograft and delay the regenerative capacity that may cause liver dysfunction in post-operative period leading to small-for-size syndrome. 

The right liver graft with reconstructed anterior sector venous drainage provides a functioning liver mass comparable to an extended right liver graft[5]. Many technical breakthroughs, modifications in donor hepatic transection and backtable innovative venoplasty procedures that evolved over the last decade have led to a successful long-term outcome after transplanta​tion in most of the LDLT centers. Thus, the venoplasty of MHV tributaries (if MHV not included in graft) has been adapted as the standard procedure in liver tra​nsplantation. The venoplasty can be accomplished by using cryopreserved vascular grafts or synthetic polytetrafluoroethylene (PTFE) grafts. In Asia, many centres including us, have resorted expandable PTFE grafts to reconstruct the anterior sector venous drainage and inferior right hepatic veins (IRHVs) if present.  

This brief overview presents technical aspects about venous outflow reconstruction in right lobe LDLT and a viewpoint is provided about the techniques and recent progress to overcome the various donor or recipient anatomical variations. 

CONCEPT OF BACKTABLE VENOPLASTY TO FACILITATE THE OUTFLOW RECONSTRUCTION AND HISTORICAL VIEWPOINT

One of challenging aspects of outflow reconstruction in LDLT is the partial liver graft that is harvested. Unlike deceased donor liver, right or left liver allografts need reconstruction of the venous tributaries on the cut surface (if MHV not included in the graft) to restore the venous drainage of the corresponding segments to prevent any post-operative congestion.   

Traditionally, the MHV inclusion in the right liver allograft was suggested that required no backtable venoplasty. But, as concerns about donor remnant liver congestion precluded the surgeons from including the MHV in the graft, many transplant centres started using right liver grafts without inclusion of the MHV or modified techniques such as inclusion of the MHV till the V4b drainage to prevent the donor remnant liver congestion[4,6]. But, the liver grafts without the MHV often had congested anterior sector after liver graft implantation. Studies showed increased risk of septic complications and graft dysfunction in right liver grafts with congested anterior sector[7]. Hence, restoration of the graft venous drainage by a backtable venoplasty became a routine standard.    

Initial arguments against the venoplasty were the size and the number of venous tributaries that require reconstruction. Venous branches > 4 mm diameter should be reconstructed. The backtable procedure is also influenced by presence of graft venous variations that are found to be present in approximately 40% of donor livers and presence of a single or multiple IRHVs draining to inferior vena cava (IVC) is a common type of short hepatic vein in right liver[8]. These veins drain considerable segmental areas of the liver, and hence, must be reconstructed. But, this makes the outflow reconstruction of the allograft technically complex. However, the MHV tributaries as well as the IRHVs can very well be incorporated into a single lumen using modified venoplasty procedures (described later).

The argument in venoplasty remains about the best method and the type of vascular grafts that can be used to accomplish reconstruction. Various techniques of venoplasty have been described. Hwang et al[9] described a “Quilt venoplasty” by using autologous great saphenous vein to reconstruct multiple short hepatic veins into a single lumen. Unification venoplasty for the venous tributaries during backtable have been successfully used with a good outcome without need of interpositional grafts[10].

But, in certain situations, backtable venoplasty is not feasible without use of interpositional grafts. The various venous grafts used as interpositional material are cryopreserved vascular grafts, donor or recipient’s autologous veins, recipient’s umbilical vein in certain situations and expanded polytetrafluoroethylene (ePTFE) synthetic grafts. Various centres have successfully reported their experience using the cryopreserved grafts[11]. But, as deceased vascular grafts lack in number, ePTFE emerged as an effective alternative for the vascular conduits. Recent experience using ePTFE grafts for the MHV and IRHV reconstruction is encouraging and proved the safety of such grafts in LDLT. The PTFE grafts, either expanded[12,13] or ringed[14], are successfully used for the MHV reconstruction with a good patency rate.

TECHNICAL ASPECTS OF BACKTABLE VENOPLASTY AND INNOVATIVE SURGICAL TECHNIQUES FOR OUTFLOW RECONSTRUCTION IN SURGICALLY COMPLEX SITUATIONS

From August 2002 to June 2015, 619 LDLT are per​formed at our Institute of China Medical University Hospital, Taiwan. Over the years, we have modified and innovated various surgical techniques of graft venoplasty and outflow reconstruction during the implantation of the graft in recipient. As the deceased donation is scarce, we often have shortage of cryopreserved vessels. Autologous veins such as recipient saphenous vein and donor iliac vein can also be harvested as vascular conduits, but this increases the complexity and extent of the surgery. Hence, we prefer ePTFE synthetic graft for venoplasty as their safety is already proven in recent studies[12-14]. ePTFE grafts are easily available, less thrombogenic and requires no additional anticoagulation in postoperative period. However, all the recipients that receive liver allografts with an ePTFE graft are treated with an antiplatelet agent aspirin 100 mg once a day for 2 years post-operatively. 

After liver allograft is harvested, it is flushed with 2 L of Histidine-Tryptophan-Ketoglutarate solution. The venous tributaries of the MHV on the cut surface of right liver allograft and any additional accessory right hepatic vein (RHV) or IRHVs are assessed, and appropriate backtable venoplasty is planned. Though arguments remain as to what size of vein should be reconstructed, our dictum is any venous tributaries > 4 mm should be reconstructed.
In right lobe grafts, if 2 or more orifices are present, i.e., RHV, accessory RHV, IRHV, or segment 8 vein, venoplasty is performed to fashion a single, wide outflow orifice. Sometimes the intervening liver parenchyma can be transected with the help of cavitron ultrasonic surgical aspirator to facilitate a tension free venoplasty (Figure 1).

Reconstruction of anterior sector venous drainage   

If the MHV is included in the graft, the walls of the RHV and the MHV can be sutured to form a common outflow channel. A single large outflow orifice always critical for an adequate outflow. In our center, if we decide to include the MHV, we often use modified technique taking due care of segment 4b venous drainage (V4b) of donor’s remnant liver, and a proximal MHV upto junction of V4b is included in the graft. 

For all the liver allografts that are devoid of the MHV, the venous tributaries of segment 5 (V5) and 8 (V8) that are > 4 mm in diameter should be reconstructed. We often use ePTFE synthetic grafts as an interpositional material to reconstruct the venous branches. 

The reconstruction technique is only described brie​fly: V5 is anastomosed to the ePTFE by an end-to-end technique using 5-0 hemoseal prolene suture in continuous fashion. The posterior wall of the other end of ePTFE is anastomosed to the anterior wall of the RHV to form a common orifice. The remaining V5 and V8 branches are anastomosed to the ePTFE by an end-to-side technique using 5-0 hemoseal prolene (Figure 2). After completion of the reconstruction, we use tissue glue to bridge the gaps between the venous tributaries and the parenchyma as that can be the sites of oozing after reperfusion of the allograft.

Presence of IRHVs and methods of outflow reconstruction along with MHV tributaries
The right liver graft with multiple IRHVs pose technically complex situation as IRHV reconstruction into a single orifice or separate IVC anastomosis still remains un​solved. There are several variations in techniques to reconstruct the IRHVs[15,16]. If IRHVs are present in close proximity, they are included in a single large orifice by an unification venoplasty which can be done by suturing the adjacent walls with 6-0 prolene (Figure 3A and B). If these veins are present in same plane of the RHV, then we perform second direct-to-IVC anastomosis. Although, IRHV can be reconstructed using recipient’s great saphenous vein, reconstruction of the IRHVs with ePTFE synthetic grafts is a relatively new concept.

If more than 2 IRHVs are present, a combined veno​plasty including the MHV tributaries can be done using dual artificial grafts to form a single outflow channel (a “V-Plasty” technique) that requires single hepatic vein-to-IVC anastomosis.  

“V-Plasty” technique: In presence of undrained ante​rior sector along with multiple IRHVs, we have developed an unique backtable venoplasty technique also called as “V-Plasty” to form a common outflow orifice[13]. We use the name “V” Plasty because after reconstruction of the MHV and the IRHV tributaries using these dual ePTFE grafts, the venoplasty appears V-shaped with two grafts forming each limb of “V”.

In right liver grafts with undrained anterior sector (without MHV) and with presence of ≥ 2 IRHVs that are located randomly and caudally in relation to the RHV, a “V-Plasty” is performed as shown in Figure 3C and D. Detailed surgical technique for this procedure has been described before. With application of this technique, single hepatic vein-IVC anastomosis is required during graft implantation that decreases the warm ischemia time. As multiple IRHVs drain substantial portion of liver, their reconstruction is important for proper graft function. Second or third hepatic vein-to-IVC anastomosis is impractical in difficult retrohepatic space, in presence of adhesions and collaterals that would only increase the warm ischemia time. In our recent study of 16 patients with V-Plasty, we noticed remarkable decreased warm ischemia time as compared to more than one hepatic vein-to-IVC anastomosis recipients (25.25 ± 8.11 min vs 34.56 ± 5.07 min, P < 0.001)[16]. In this case series, the patency rates of the ePTFE grafts was 100% for first 2 mo. No incidence of venous outflow obstruction was noted in any of the recipients of study cohort[13,16].
In the grafts with inclusion of the MHV, the IRHVs can still be reconstructed using ePTFE graft as shown in Figure 3E.

“Bridging-Conduit” Plasty: In presence of single IRHV, we do not use “V-Plasty” as the distance traversed by the blood through such conduit is more and second IVC anastomosis is feasible option. But, if the IRHV is present more ventral and caudal with respect to the RHV, a vascular conduit can be used to bridge the gap between the graft and the IVC. This decreases the stretch effect on the anastomosis and increases the ease of second IVC anastomosis in limited retro-hepatic space.
After the MHV tributaries are reconstructed, the “Bridge-conduit” venoplasty for large IRHV using second ePTFE is performed during backtable procedure using 6-0 prolene in an end-to-end fashion. The other end of the ePTFE graft is then anastomosed to the IVC during graft implantation (Figure 4).

“Single-Oval Ostium” technique using ePTFE grafts: In presence of the multiple hepatic veins that drain the major portion of the posterior sector of right liver allograft, conventional direct-to-IVC anastomosis is not feasible. In such situation, inclusion of all the veins in a common outflow channel by “Single-Oval Ostium” technique ensures proper outflow for all the liver segments (Figure 5). The details of this technique are described before[17]. This novel technique serves a single outflow channel for all the draining veins by a simple backtable venoplasty and also facilitates the ease of the veno-caval anastomosis due to a wide outflow channel.
Patch-Venoplasty using ePTFE graft

After the backtable venoplasty of RHV, accessory RHV, distal end of the MHV and any additional venous tributaries in vicinity, occasionally a large rectangular venous outflow orifice is created. In such situation graft implantation is difficult as the anterior edge of graft outflow remains at farther distance and anastomosis comes under great stretch. In such situation, a patch of vascular graft can be used to raise the anterior edge to hasten the anastomosis of the RHV-to-IVC. Such patch can be obtained from recipient umbilical vein, recipient portal vein or synthetic vascular graft. As shown in Figure 6, the ePTFE patch can be used that can be combined with additional venoplasty if the graft demands. A triangular patch of appropriate size is sutured with the anterior wall of the rectangular orifice. This raises the outer edge of the outflow orifice that facilitates a tension free anterior wall anastomosis with the IVC during graft implantation. Although researchers have used patch of either cryopreserved or autologous veins, the “Patch-Venoplasty” using ePTFE graft is safe and feasible.

Technique of graft implantation

Graft implantation and outflow anastomosis follows standard guidelines. We cross clamp the IVC at supra-hepatic and infra-hepatic region. A triangular slit is created on the anterior wall of the IVC starting from the junction of the RHV along the IVC border. A triangulation method to create a wide outflow orifice was initially advocated by Emond et al[18]. In presence of the IRHVs, the diameter is > 4 mm, second IVC anastomosis is done whenever feasible by creating s separate venotomy on the IVC. In complex situation we prefer single outflow channel using “V-Plasty” that increases the ease of anastomosis, and also reduces the warm ischemia time. The outflow reconstruction may require modification depending upon the calibre of the recipient IVC.

“Raising-flap” technique: In presence of unusually large outflow orifice and small calibre of the recipient IVC, the conventional hepatic vein-to-IVC anastomosis is not feasible as it causes over-riding of the graft onto the IVC that may cause outflow impedance. An unduly small IVC in the recipient that requires a larger opening and can cause a pulling effect on the graft, which may lead to compromised outflow[4]. In such situation we have modified the outflow reconstruction technique by raising a triangular flap on the IVC (Figure 7). The details of techniques are described earlier. This technique not only provides a larger outflow orifice for venous drainage but also avoids undue medial pull on the graft hepatic vein. “Raising-flap technique” allows more caudal extension of the IVC opening and covering of the triangular hepatic venous orifice of the graft with a flap without stretching of the hepatic veins and pull effect on the IVC.
Several variations of graft implantation techniques in challenging situations have been published. Tanaka et al[19] widened the outflow by venoplasty of the recipient middle hepatic vein and left hepatic vein with a right caudal extension in the inferior vena cava. A triple recipient hepatic vein reconstruction with crea​tion of a long venous trunk is appropriate in selected cases[20]. But, whatever is the technique for outflow reconstruction, a wide outflow with adequate venous drainage for all liver segments should be the aim during reperfusion.

IVC resection and reconstruction using ePTFE in special cases

A patient with liver tumor involving the IVC with poor underlying liver functions often has a dismal prognosis and has traditionally been considered to be contraindicated for resection owing to associated high surgical risks and advanced stage of tumor. But, liver transplantation can still be performed if the IVC can be resected along with the HCC in absence of extra-hepatic disease. In LDLT, however, the outflow reconstruction of the graft becomes challenging as the IVC needs to be reconstructed. We have presented feasible technique of resection and reconstruction of the IVC with ePTFE graft with an acceptable outcome[21]. In such cases, after reconstruction of the IVC with ePTFE, graft implantation requires anastomosis of the graft RHV to the ePTFE (Figure 8). 

The indication of this technique can also be extended to benign cases where total hepatectomy in the recipient is not possible without formal resection of the IVC due to dense adhesions. 

Outflow reconstruction in such scenario is rarely dis​cussed. Our technique shows the safety and feasibility of the LDLT in such cases and IVC can be reconstructed achieving an adequate outflow for the graft. Although graft infection and thrombosis are the major concerns in such cases, none of the patients in our series had abdominal infection or graft dysfunction due to outflow compromise[13,17,21].

CONCLUSION

Outflow tract reconstruction is critical for proper graft functioning in LDLT as any venous impedance can cause graft congestion that may lead to graft dysfunction and even early graft failure, especially in marginally-sized donor grafts, as venous outflow disturbance adversely affects the regenerative capacity of a partial liver graft. Hence, significantly large venous tributaries must be reconstructed by a backtable venoplasty using vascular grafts. In recent era many centres, including us, have showed the importance of venoplasty and described the innovative venoplasty techniques using various inter​positional grafts to overcome the complexity in presence of venous variations. 

The initial argument against the need for venoplasty was: (1) the intra-hepatic venous collaterals are present in the right liver grafts that provide adequate segmental drainage; (2) the vascular anastomosis thus established will eventually get occluded; and (3) the synthetic grafts can increase risks of thrombosis and infection. Although intrahepatic collaterals exist, they develop rather slowly over next few weeks and the venous drainage through the intra-hepatic sinusoids appeared to be insufficient to relieve congestion after hepatic vein ligation. The intrahepatic venous collateral are expected to develop by day 7 after transplantation, hence even if the smaller calibre anastomosis are obstructed after few weeks, hepatic dysfunction does not occur. The safety of ePTFE grafts as interpositional vascular conduits have already been proven in many studies. Hence, venoplasty using ePTFE grafts is justified. Besides, its universally recog​nized that the venous drainage of the graft depends largely on the tributaries of the MHV and the short hepatic veins when present. 

Venous outflow reconstruction is thus constitute an important step and with a backtable venoplasty to form a common outflow channel not only prevents congestion of the graft, but also increases the ease graft implantation.
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Figure 1  Methods of backtable venoplasty in right graft with the middle hepatic vein. A: CUSA is used to dissect intervening parenchyma for a tension free venoplasty; B and C: Unification venoplasty of the adjacent walls; D: Outflow reconstruction requiring single anastomosis with the IVC. MHV: Middle hepatic vein; RHV: Right hepatic vein; CUSA: Cavitron ultrasonic surgical aspirator; IVC: Inferior vena cava; V8: Venous tributaries of segment 8.
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Figure 2  Technical details of the middle hepatic vein reconstruction using expanded polytetrafluoroethylene graft. A: V5 branch is anastomosed with the ePTFE graft by an end-to-end anastomosis; B and C: V8 branches are anastomosed with the ePTFE graft by an end-to-side anastomosis; D: The other end of the graft is anastomosed with the anterior wall of the right hepatic vein to form a common outflow channel. ePTFE: Expanded polytetrafluoroethylene; MHV: Middle hepatic vein; V5: Venous tributaries of segment 5; V8: Venous tributaries of segment 8.
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Figure 3  Reconstruction of the inferior right hepatic veins. A and B: Unification venoplasty of the IRHVs; C and D: “V-Plasty” technique for the MHV and IRHV reconstruction; E: The IRHVs can be separately reconstructed using ePTFE vascular conduit for liver allograft with the MHV. IRHV: Inferior right hepatic vein; MHV: Middle hepatic vein; ePTFE: Expanded polytetrafluoroethylene.
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Figure 4  Bridging-Conduit venoplasty. A: Liver allograft with the IRHVs located more caudal and ventral; B: Short ePTFE conduit is anastomosed with the IRHV in an end-to-end fashion; C and D: Second IVC anastomosis using bridging conduit venoplasty. RHV: Right hepatic vein; IRHV: Inferior right hepatic vein; ePTFE: Expanded polytetrafluoroethylene; IVC: Inferior vena cava.
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Figure 5  “Single-Oval Ostium” technique. A: Right liver graft with multiple IRHVs draining randomly. V8 and IRHVs are incorporated in a single lumen using dual ePTFE grafts; B: Right liver allograft with the major IRHV located 10 cm from the RHV. Single wide outflow is reconstructed for the V8 and IRHV; C and D: Outflow reconstruction using Single-Oval Ostium technique. RHV: Right hepatic vein; IRHV: Inferior right hepatic vein; ePTFE: Expanded polytetrafluoroethylene; IVC: Inferior vena cava; V8: Venous tributaries of segment 8.
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Figure 6  Patch-Venoplasty technique. A: Right liver allograft with a wide-rectangular outflow orifice; B: Patch-Venoplasty using ePTFE graft. RHV: Right hepatic vein; IRHV: Inferior right hepatic vein; MHV: Middle hepatic vein; ePTFE: Expanded polytetrafluoroethylene.
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Figure 7  “Raising-Flap” technique in outflow reconstruction. A and B: Right liver allografts with unduly large outflow; C-F: Steps of Raising flap technique during outflow reconstruction.
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Figure 8  Retrohepatic inferior vena cava reconstruction. A: Resection and reconstruction of the IVC with the ePTFE graft; B: Right liver allograft implantation with RHV to ePTFE (reconstructed IVC) anastomosis. IVC: Inferior vena cava; RHV: Right hepatic vein; ePTFE: Expanded polytetrafluoroethylene.
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