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ABSTRACT
Objectives. The aim of our study was to retrospectively investigate the outcomes of hepatic artery (HA) reconstruction by cardiovascular surgeons in adult-to-adult living donor liver transplantation (A-A LDLT). Methods. From April 2007 to  pril 2011, 187 recipients underwent A-A LDLT. After excluding seven ABO-incompatible transplant recipients, we reviewed the courses of 180 patients including 125 men and 55 women of mean age 52.5 _ 9.2 years (range _ 23–71). One hundred seventy-seven patients received right-lobe grafts with inclusion of middle hepatic vein (MHV); two, right-lobe grafts without MHV; and one, left-lobe graft. A continuous, single-stitch, running suture with the parachute technique was used for HA reconstruction. The anastomosis was performed by cardiovascular surgeons employing surgical loupes with 4.5_gnification.
Results. The mean time for an arterial reconstruction was 10.7 _ 4.0 minutes (median _10, range _ 4–30). Hepatic arterial thrombosis (HAT) was encountered in 3 (1.66%) patients. One HAT that developed on postoperative day 1 was successfully rescued by the intra-arterial infusion of urokinase. Another patient required reoperation due to a redundant kinked HA. A third HAT patient underwent successful retransplantation with a cadaveric graft on postoperative day 6. In our series, no delayed HAT was detected and no recipient deaths were related to HAT. Conclusion. HA reconstruction with a running suture under surgical loupes is a feasible technique in A-A LDLT. A speedy reconstruction can be performed by an experienced cardiovascular surgeon with a low incidence of HAT.
LIVING DONOR LIVER TRANSPLANTATION (LDLT) has been widely used to treat patients with end-stage liver disease, rticularly in countries where cadaveric donors are scarce.1,2 The operative procedures both with regard to the donor and recipient are more complicated than those of deceased donor liver transplantation. Although the operative techniques have been refined, hepatic artery (HA) reconstruction remains a challenge.3 Since microvascular surgery for HA reconstruction under a microscope was first reported by Mori et al,4 the technique has been adopted by most transplant surgeons.3,5–7 However, the microsurgeon needs time to become familiar with this technique because of the deep operative field, shorter graft HA, and size discrepancy between donor and recipient HA. The graft HA is shorter.8 Furthermore, it takes more time to reconstruct the HA under a microscope. Hence, some surgeons still prefer to perform the HA anastomosis using high-power surgical loupes.9,10 
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METHODS
From April 2007 to April 2011, 187 recipients with end-stage liver disease underwent A-A LDLT We received approval for the study from the ethics committee of our hospital; informed consents were obtained from donors and recipients and their corresponding relatives. Seven ABO-incompatible recipients were excluded, leaving
180 patients including 125 men and 55 women of mean overall age of 52.5 _ 9.2 years (range _ 23–71). The primary indications for LDLT are listed in Table 1. One recipient received a left-lobe graft. Among the other 179 subjects, 177 received a right-lobe graft with the middle hepatic vein (MHV), and two a right-lobe graft without the MHV. All HA reconstructions were performed by two cardiovascular surgeons: the senior one performed 175 cases. A continuous single stitch with the parachute technique was used to do the HA anastomosis under surgical loupes with 4.5 _ magnification. HA Anastomosis Technique The graft liver was revascularized after ompletion of the outflow reconstruction and the portal vein anastomosis. When the bleeding was reasonably controlled, both the donor and recipient HA were prepared for the anastomosis. The donor’s right HA was trimmed obliquely to achieve a wider opening. The recipient HA was isolated carefully to prevent an intimal dissection, and then trimmed obliquely to achieve an opening equal in size to that of the graft HA. A bulldog was placed to clamp the recipient artery. No stay sutures were used. The sutured started from the inside of the heel of the recipient artery,
that is, the far side from the operator, using one end of a 7–0 prolene and continued down the posterior aspect forward to the toe in continuous, over-and-over fashion. To improve visibility, both of the arterial ends were kept 1 to 2 cm apart until completion of the posterior suture line. Both vessels were then approximated and the suture gently pulled tight (parachute technique). Three more stitches were then inserted, and held in gentle traction. Then, the anterior suture line was completed with the other end of the 7–0 prolene in the same fashion as the posterior wall. Before the two suture ends were tied, the bulldog on the recipient artery was removed while the graft artery was clamped to flush out air and thrombi. Reinforced sutures for bleeders on the suture line were placed as necessary. Both the HA and portal vein flows were measured using a transit-time meter. (Transonic Systems Inc;
Ithaca, NY, USA). Utilizing this technique, a primary HA anastomosis was performed in 173 recipients using the recipient right to the donor right HA and in one case, recipient left to donor left HA. Poor quality of
the recipient HA, mostly due to intimal dissection, was observed in the remaining six cases. In three patients, the donor right HA was anastomosed to the recipient abdominal aorta with a greater saphenous vein graft interposition. In the other three patients, the recipient’s gastroepiploic artery was used for HA reconstruction.
RESULTS
The average luminal diameter of the donor HA was 2.8 mm (2.5 _ 3.5 mm) and that of the recipient HA, 2.5 mm
(2.0 –3.5 mm). The size of the anastomotic opening after the oblique trimming averaged 7 mm. The time required for HA reconstruction performed by cardiovascular surgeons was 10.7 _ 4.0 minutes (median 9.8; range _ 4–30).
Immediate revision of the anastomosis was performed when the measured flow via the primary anastomosis was suboptimal. Thirty recipients (16.6%) underwent one, and eight (4.4%), more than one revision. Among those eight patients, one even had five revisions, because subject ultimately failed the HA reconstruction and was placed on the cadaveric waiting list after placing a temporary right gastroepiploic artery to portal vein shunt.
Among the 180 recipients, 3 (1.66%) developed hepatic arterial thrombosis (HAT) posttransplantation. One patient experienced HAT on postoperative day 1, which was successfully rescued by intra-arterial infusion of urokinase. Another subject required a reoperation on the second postoperative day to perform a reanastomosis because the recipient HA was redundant, which induced kinking. A third patient (as mentioned above) underwent a successful The aim of our study was to retrospectively review our experience with regard to HA reconstruction in adult-toadult (A-A) LDLT. The HA anastomosis was performed by cardiovascular surgeons using a continuous, single-stitch, running suture with the parachute technique under highpower loupes.
METHODS
From April 2007 to April 2011, 187 recipients with end-stage liver disease underwent A-A LDLT We received approval for the study from the ethics committee of our hospital; informed consents were obtained from donors and recipients and their corresponding relatives. Seven ABO-incompatible recipients were excluded, leaving
180 patients including 125 men and 55 women of mean overall age of 52.5 _ 9.2 years (range _ 23–71). The primary indications for LDLT are listed in Table 1. One recipient received a left-lobe graft. Among the other 179 subjects, 177 received a right-lobe graft with the middle hepatic vein (MHV), and two a right-lobe graft
without the MHV. All HA reconstructions were performed by two cardiovascular surgeons: the senior one performed 175 cases. A continuous single stitch with the parachute technique was used to do the HA anastomosis under surgical loupes with 4.5 _ magnification. 
HA Anastomosis Technique
The graft liver was revascularized after completion of the outflow reconstruction and the portal vein anastomosis. When the bleeding was reasonably controlled, both the donor and recipient HA were prepared for the nastomosis.
The donor’s right HA was trimmed obliquely to achieve a wider opening. The recipient HA was isolated carefully to prevent an intimal dissection, and then trimmed obliquely to achieve an opening equal in size to that of the graft HA. A bulldog was placed to clamp the recipient artery. No stay sutures were used. The sutured started from the inside of the heel of the recipient artery, that is, the far side from the operator, using one end of a 7–0 prolene and continued down the posterior aspect forward to the toe in continuous, over-and-over fashion. To improve visibility, both of the arterial ends were kept 1 to 2 cm apart until completion of the posterior suture line. Both vessels were then approximated and the suture gently pulled tight (parachute technique). Three more stitches were then inserted, and held in gentle traction. Then, the anterior suture line was completed with the other end of the
7–0 prolene in the same fashion as the posterior wall. Before the two suture ends were tied, the bulldog on the recipient artery was removed while the graft artery was clamped to flush out air and thrombi. Reinforced sutures for bleeders on the suture line were placed as necessary. Both the HA and portal vein flows were measured using a transit-time meter. (Transonic Systems Inc; Ithaca, NY, USA). Utilizing this technique, a primary HA astomosis was performed in 173 recipients using the recipient right to the donor right HA and in one case, recipient left to donor left HA. Poor quality of the recipient HA, mostly due to intimal dissection, was observed in the remaining six cases. In three patients, the donor right HA was anastomosed to the recipient abdominal aorta with a greater
saphenous vein graft interposition. In the other three patients, the recipient’s gastroepiploic artery was used for HA reconstruction. 
RESULTS
The average luminal diameter of the donor HA was 2.8 mm (2.5 _ 3.5 mm) and that of the recipient HA, 2.5 mm
(2.0 –3.5 mm). The size of the anastomotic opening after the oblique trimming averaged 7 mm. The time required for HA reconstruction performed by cardiovascular surgeons was 10.7 _ 4.0 minutes (median 9.8; range _ 4–30).
Immediate revision of the anastomosis was performed when the measured flow via the primary anastomosis was suboptimal. Thirty recipients (16.6%) underwent one, and eight (4.4%), more than one revision. Among those eight patients, one even had five revisions, because subject ultimately failed the HA reconstruction and was placed on the cadaveric waiting list after placing a temporary right gastroepiploic artery to portal vein shunt.
Among the 180 recipients, 3 (1.66%) developed hepatic arterial thrombosis (HAT) posttransplantation. One patient experienced HAT on postoperative day 1, which was successfully rescued by intra-arterial infusion of urokinase. Another subject required a reoperation on the second postoperative day to perform a reanastomosis because the recipient HA was redundant, which induced kinking. A third patient (as mentioned above) underwent a successful retransplantation with a cadaveric graft at postoperative day 6. In this series, no delayed HAT was detected and no recipient deaths were noted to be related to HAT.

DISCUSSION
The incidence of HAT after LDLT varied from 4% to 25%.8 Since the first introduction of microsurgical techniques for HA reconstruction,4 the incidence of HAT has decreased to 2% to 3%.3,5,6 However,  microsurgical reconstruction involves significant challenges, such as the difficulty to obtain a wide operative field, inadequate view through the microscope, donor and recipient HA size discrepancy, short donor HA, stalk and possible intimal dissection of the recipient’s HA. In other words, microsurgeons need time to learn the related skills and gain experience to perform these operations to achieve good outcomes with regard to the HA anastomosis.

The incidence of HAT using a continuous, single-stitch, running suture in our series with the parachute technique
was 1.66% (3/180), which is comparable to previous reports. 3,5,6 The characteristics of our technique included:
oblique trimming of both ends of the HA to obtain a wide opening for the anastomosis. The original luminal diameter was around 2.5 mm for both donor and recipient HA. With oblique trimming, we achieved openings at least twice that size. In addition we performed the posterior wall first using a parachute technique. Both HA ends were clearly observed while we placed each bite of the continuous suture. The posterior wall-first technique avoided turning over or twisting of vessel over vessel.8 The continuous single stitch with a running suture saved more time than interrupted sutures.4 Cardiovascular surgeons have excellent experience in the reconstruction of vessels even smaller than this size. Successful HA anastomosis with adequate flow could be achieved by cardiovascular surgeons using surgical loupes with 4.5 _ magnification. The mean time for the primary anastomosis was only 10 minutes. Therefore, in those cases where suboptimal HA flow was measured, immediate revision could be performed without hesitation. Not much time was consumed and adequate flow could be achieved after the revision. In conclusion, HA reconstruction using a continuous, singlestitch, running suture utilizing the parachute technique under high-power surgical loupes was a feasible technique for A-A LDLT. Speedy reconstructions were performed by experienced cardiovascular surgeons with a low incidence of HAT.
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