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Introduction

Right lobe grafts for living donor liver transplantation

(R-LDLT) have emerged as a standard procedure to

overcome the matter of insufficient graft volume for

adults. Right lobe harvesting may or may not include

middle hepatic vein (MHV) [1]. It depends on the

venous anatomy of the donor liver and the preference

of the transplant surgeon. A right lobe graft including

MHV, namely an extended right lobe graft, carries the

advantage of having better venous outflow drainage

when compared with the right lobes without MHV as

the anterior sector (segments 5 and 8 according to Cou-

inaud) is mostly drained into the MHV [1,2]. However,

if a right lobe graft without MHV is used because of

some reasons, drainage of segment 5 and/or 8 veins by

using vascular conduits may be required. Selective drain-

age of the prominent segment 5 and/or 8 veins is pro-

posed to overcome the congestion of the anterior sector

[2]. During the drainage of the anterior sector, several
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Summary

Congestion of the anterior sector may lead to graft failure in right lobe grafts.

Selective drainage of the prominent segment 5 and/or 8 veins is proposed to

overcome this problem. Different vascular conduits may be used during drain-

age of the anterior sector. In this study, we evaluated the efficiency of the vas-

cular conduits. Between June 1999 and December 2005, 190 patients

underwent living donor right lobe liver transplantation and reconstruction of

segment 5 and/or 8 veins was performed in 48 patients (25.2%). Two groups

were formed according to the types of vascular conduits. Cryopreserved cadav-

eric iliac artery (n ¼ 28) and cryopreserved cadaveric iliac vein (n ¼ 8) were

used in group A. In group B, recipient saphenous vein (n ¼ 6), recipient

umbilical vein (n ¼ 5) and recipient collateral omental vein (n ¼ 1) were used

for reconstruction. The graft-recipient weight ratio, mean duration of anhepatic

phase and MELD scores between two groups were not significantly different.

All of the conduits were found to be patent just after reperfusion and in the

early postoperative period by Doppler ultrasonography. In follow-up period of

1 year, four (11%) patients died in group A, two patients (16%) in group B.

One of these patients died because of sepsis started from the saphenous vein

incision site. None of the patients dying in the two groups were lost due to

venous outflow problems. This study proves the efficacy of drainage of segment

5 and/or 8 veins using cryopreserved cadaveric vascular conduits. Every effort

should be employed to store cadaveric iliac vessels, otherwise, whole other

additive surgical intervention to ensure vascular conduit may lead uninvited

serious complication.
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vascular conduits including autologous, homologous, or

synthetic patterns can be preferred [3].

In this study, we compared the safety of the cadaveric

vascular conduits with the conduits maintained from dif-

ferent autologous recipient’s vascular patterns for drain-

age of anterior sector in the patients who were performed

R-LDLT.

Patients and methods

Between June 1999 and December 2005, a total of 190

R-LDLT was performed at Ege University Organ Trans-

plantation and Research Center. The patients who were

performed anterior drainage using different vascular con-

duits were retrospectively analyzed. Forty-eight patients

were determined and divided into two groups according

to the types of vascular conduit used. Anterior drainage

was planned after performing clampage of the segment 5

and 8 veins, ‡5 mm in size and on the cut surface during

donor hepatectomy. If marked congestion resulted in

clampage, significant drainage was performed. The

patients in whom cadaveric vascular conduits were used

comprised group A, and the patients in whom their own

autologous vascular conduits were used comprised group

B. Demographic variables, indications for liver trans-

plantation, MELD scores, graft-recipient weight ratio,

anhepatic phase and postoperative complication were

recorded. All cadaveric vascular conduits in group A con-

sisted of the iliac arteries and veins obtained during the

harvesting procedure and were protected with cryopreser-

vation technique. The cadaveric vascular grafts were

obtained from 36 cadaveric donors (20 male and 16

female) with a mean age of 38.4 (3–62) years. The causat-

ive factors for death of the cadaveric donors included

mostly head trauma and intracerebral hemorrhage.

Technique of cryopreservation

After obtaining culture samples for microbiology and

mycology, the prepared vessel grafts were kept in 120 cc

distilled water including 80 mg of cefuroxime, 500 mg of

vancomycin Hcl, 2 g of piperacillin sodium, 250 mg of

amicacin sulphate, 100 000 U of nystatin, 20 ml of med-

ium 199 (Cambrex Biosciences Inc. Verviers, Belgium)

and 12 ml HCO3 for 12–18 h at room temperature keep-

ing the solution away from light. Ten percent dimethyl

sulfoxide was added into the cup and after an hour the

graft was taken out of the solution and was placed in

sterile gauze and then covered with a sterile folio. The

folio was put in the cryo-machine and gradually frozen

down to )60 �C in 74 min. Then, the frozen graft was

stored in the vapor phase of liquid nitrogen tank at

)140 �C up to 5 years [4,5].

Autologous vascular conduits of the recipients in group

B consisted of different vascular patterns including umbil-

ical vein or collateral vein ‡5 mm in size. In case of

improper usage of these veins, saphenous vein was pre-

ferred. After extracting the saphenous vein for reconstruc-

tion, a standard negative pressured hemovac drain was

placed in the vascular bed. All the autologous vascular

conduits were irrigated with isotonic solution and hepari-

nized solution respectively. ABO compatibility between

the recipient and cadaveric vascular grafts was not taken

into consideration.

After donor hepatectomy, venous interposition grafts

were anastomosed to the segment 5 and/or 8 vein on the

back table using 5/0 or 6/0 continuous polypropylene

sutures. During the implantation of the graft in the recipi-

ent, after finishing the right hepatic vein anastomosis, the

interposition grafts draining segment 5 and/or 8 were anas-

tomosed to the vena cava using 5/0 or 6/0 polypropylene

in a running fashion again. Patency of vascular conduits

was confirmed by Doppler ultrasonography (DUS) imme-

diately after reperfusion intraoperatively and on the post-

operative days 1, 3 and 7. The data were analyzed using

spss 13.0 for Windows (SPSS Inc. Chicago, IL, USA).

Sample t-test was used for comparison of the two groups.

Results

During the study period, 48/190, 25% patients were per-

formed drainage of anterior sector. The main indication

for R-LDLT in both groups was chronic hepatitis B (n ¼
33, 68%) and (n ¼ 15 32% hepatitis C, alcoholic, crypto-

genic). The clinical data of both groups are shown in

Table 1. All of the donors and recipients were ABO iden-

tical or compatible. In group A and B, there were 25/11

males and 7/5 females with a mean age of 45.6/45.4 years

respectively. The venous drainage for the right anterior

sector of right-lobe graft was provided by using segment

5 (19, 39%) or segment 8 vein (11, 22%), or both of

them (18, 37%). In group A, interpositional venous grafts

which were all cadaveric vascular grafts included cryopre-

served cadaveric iliac artery (n ¼ 28, 58%) and cryopre-

served cadaveric iliac vein (n ¼ 8, 16%). In group B, all

interpositional venous grafts were obtained from the

recipient and consisted of recipient saphenous vein (n ¼
6, 12.5%), recipient umbilical vein (n ¼ 5, 10%) and

recipient collateral omental vein (n ¼ 1, 2%). In group B,

all the patients were submitted to an additional surgical

procedure, but six patients who had undergone saph-

enous vein extraction were performed a skin incision in a

different operation site. Seroma was prevented with a

drainage catheter. The mean duration of hemovac drain

that was placed in the saphenous vein incision site was

16 days (range: 7–32 days).
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All of the conduits were found to be patent after reper-

fusion and in the early postoperative period by DUS which

was routinely performed on day 1, 3 and 7 (Table 2). In

addition, as can be seen in Table 2, there was a flow in all

the vascular conduits, and the triphase flow pattern classic-

ally observed in the hepatic vein was detected in most of

the cases. There were no statistically significant differences

between the two groups. None of the patients in the two

groups died from venous outflow problems. In the follow-

up period of 1 year, four (11%) patients in group A died

of pneumonia (three) and tumor recurrence (one) and

two patients (16%) in group B died of septic complica-

tions. One of these patients died because of sepsis that

started in the saphenous vein incision site, which was con-

sidered procedure-related mortality. No donor mortality

or major morbidity occurred in both groups.

Discussion

In adult to adult LDLT, right lobe grafts are usually used

without MHV for donor safety [2]. However, a right lobe

graft without MHV may be associated with severe conges-

tion which may result in hepatic dysfunction and serious

complications, including liver failure and sepsis [6]. Con-

gested area of the liver may be so large that remaining

functioning area may not be sufficient for the metabolic

demands of the recipient [7]. In our study, one of the

predictors of the need for venous drainage to the right

anterior sector was the extent and severity of the conges-

ted area of the liver after the occlusion of both the right

hepatic artery and MHV.

Nakamura et al. stated that right hepatic vein drains

the posterior segment (segment 6 and 7) and a small part

of the anterior segment, particularly segment 8 and the

remaining larger area of the anterior segment is drained

through the MHV [8]. However, drainage of segment 5

and 8 veins were also found to be mainly through MHV

in approximately two-thirds of Kyoto University series

[9]. Inclusion of the MHV in the graft or reconstruction

of prominent segment 5 and 8 veins has been proposed

to avoid congestion and to increase functional capa-

city[10,11].

In the right lobe grafts without MHV, indications for

segment 5 and 8 veins reconstruction are regarded as the

degree of venous congestion after parenchymal transec-

tion, small right lobe grafts having relatively larger right

anterior segment than the posterior segment, prominent

segment 5 and 8 hepatic veins, graft to recipient body

weight ratio, severe portal hypertension of the recipient,

and technical feasibility and availability of venous con-

duits [8,12]. Various interpositional vein grafts have been

used for reconstruction of the anterior segment. There are

four different sources to obtain such a vascular conduit:

recipients own vessels (e.g. the umbilical vein, portal vein,

any collateral vein, saphenous vein, iliac veins); radial

artery may also be used for arterial interposition vessels

procured from the living donor besides the allograft (the

Table 2. The results of the standard usage of the Doppler ultraso-

nography and the flow patterns.

Flow pattern

Group A (n ¼ 36) Group B (n ¼ 12)

MP BP TP MP BP TP

Intraoperative 0 17 19 0 5 7

Day 1 1 18 17 0 6 6

Day 3 1 18 17 1 6 5

Day 7 2 18 16 1 7 4

MP, monophasic; BP, biphasic; TP, triphasic.

Table 1. Clinical data of group A and

group B. Group A (n ¼ 36) Group B (n ¼ 12) P-value

Median age (years) 45.6 45.4 0.95

Male/female 25/7 11/5

Mean MELD score 25.2 (range: 6–43) 21.0 (range: 11–26) 0.31

Graft/recipient weight ratio (%) 1.02 (0.7–1.4%) 1.04 (0.8–1.5%) 0.68

Mean duration of anhepatic

phase (minutes)

55.5 (46–91) 57.4 (42–86) 0.49

Segments drained

Segment 5 20 4

Segment 8 6 1

Segment 5 and 8 10 7

Additive intervention* 0 12

Drainage catheter out

of the routine�

0 6

Mortality 4 2

*Dissection of the interpositional grafts from the recipient.

�Placing the hemovac drain in the vascular bed of saphenous vein.
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ovarian vein, inferior mesenteric vein), cadaveric vessels

(the iliac artery and veins or any other vessels procured

from the cadaver) and synthetic vascular grafts [2,12–19].

Initially, saphenous veins were preferred as an interposi-

tion graft, but Lee et al. reported that saphenous vein

might not be large enough to drain anterior sector; thus,

they recommended dilating the vein hydrostatically or

reconstructing two sheets together to have a larger dia-

meter. However, these modifications have also a higher

rate of failure [10]. Furthermore, venous graft harvesting

site related problems such as intraoperative bleeding,

postoperative hematoma, seroma and infection may com-

plicate the postoperative course of the patients, and ves-

sels procured from the donor or the recipient may extend

the limits of the procedure and lead to procedure related

problems [20]. In our study, the patients in group B

required an additional surgical intervention and subse-

quently a drainage catheter was used for a long time in

all the patients with extracted saphenous vein. One of our

recipients experienced an infection starting from the

saphenous incision site, which spread to retroperitoneal

space, and the patient died due to septic complications.

The synthetic grafts have the risk of higher rate of throm-

bosis [21]. There are advantages of using the cadaveric

vascular grafts of proper length, width, and ‘Y’ shaped for

drainage of both segments 5 and 8 at any time. In our

series, DUS controls were revealed no problem with the

patency of the cadaveric grafts in the early period. As vas-

cular conduits remain patent for a short time before they

become nonfunctional following transplantation proce-

dure, we had no need for further investigation. Notwith-

standing during this short time the graft has the

possibility to regenerate and to develop alternatives ways,

venous collaterals in approximately 1 week, to drain the

anterior sectors [22]. Cadaveric sources that we used for

the patients in group A did not cause any morbidity both

in donors and recipients. Nevertheless, the scarcity of

cadaveric donors may limit the availability of cadaveric

vascular conduits. Cryopreservation technique may allow

storing these vessels for years and seem to work fairly well

in most centers having cadaveric sources [12].

We believe that cadaveric iliac vessels provide the best

option for interpositional vascular conduits in terms of

patency of the conduit and safety of both recipient and

donor. Use of cadaveric iliac artery may be advantageous

in that internal and external branches can be anastomosed

to segment 5 and 8 veins separately, and the main trunk

can be anastomosed to the vena cava as a single anasto-

mosis. Recipient’s own vessels, mainly the umbilical vein,

can be a good alternative to cryopreserved cadaveric iliac

vessels, but they are not constant and cannot be harvested

in every case. They should be assessed from the beginning

of the surgery and preserved if they are suitable for

venous reconstruction. It should be kept in mind that

they may lead to uninvited complications for recipient in

the postoperative period.

In conclusion, this study has proved that the cadaveric

iliac vessels are the best option as a venous conduit with-

out causing any morbidity to both donor and recipient

who has undergone R-LDLT. In R-LDLT, in case of man-

datory drainage of anterior/medial sectors of the graft

and impossibility to harvest the MHV, the use of cadav-

eric vascular conduits (in countries where cadaveric

donation is allowed) is preferable to the autologous

recipient’s ones. Every effort should be made to reinforce

the storage of cadaveric vessels especially in the centers

running both cadaveric and LDLT programs. Because

these patients are immuno-compromised, any interven-

tion which may bring additional morbidity and even

mortality should be avoided.

Authorship

KM: designed the study, helped to perform data collection,

and contributed important reagents; AU: helped to

perform the data collection; SM: contributed important

reagents; OI: helped in the data collection; TS: helped to

perform and performed the Doppler ultrasonography; DG:

helped to perform and performed the Doppler

ultrasonography; AY: contributed important reagents and

helped to maintain the cadeveric vascular graft; AM: helped

to perform, contributed important reagents; ZM: helped to

perform and contributed important reagents.

References

1. Fan ST, Lo CM, Liu CL, Wang WX, Wong J. Safety and

necessity of including the middle hepatic vein in the right

lobe graft in adult-to-adult live donor liver transplantation.

Ann Surg 2003; 238: 137.

2. Lee S, Park K, Hwang S et al. Anterior segment congestion

of a right liver lobe graft in living-donor liver transplanta-

tion and strategy to prevent congestion. J Hepatobiliary

Pancreat Surg 2003; 10: 16.

3. Takahashi H, Dono K, Marubashi S, Hashimoto K, Kubota

M, Yamamoto S. Reconstruction of the middle hepatic

vein in a modified right liver graft of living-donor liver

transplantation while preserving the recipient’s middle

hepatic vein. Transpl Int 2005; 18: 1386.

4. Buzzi M, Mirelli M, Vaselli C et al. Vascular tissue bank-

ing: state of the art. Transplant Proc 2005; 37: 2428.

5. Jashari R, Van Hoeck B, Tabaku M, Vanderkelen A.

Banking of the human heart valves and the arteries at the

European homograftbank (EHB) – overview of a 14-year

activity in this International Association in Brussels. Cell

Tissue Bank 2004; 5: 239.

Management of anterior sector drainage in liver transplantation Kilic et al.

ª 2007 The Authors

700 Journal compilation ª 2007 European Society for Organ Transplantation 20 (2007) 697–701



6. Lee SG, Park KM, Hwang S et al. Congestion of right liver

graft in living donor liver transplantation. Transplantation

2001; 71: 812.

7. Kubota T, Togo S, Sekido H et al. Indications for, hepatic

vein reconstruction in living donor liver transplantation of

right liver grafts. Transplant Proc 2004; 36: 2263.

8. Nakamura S, Sakaguchi S, Hachiya T et al. Significance of

hepatic vein reconstruction in hepatectomy. Surgery 1993:

114; 59.

9. Fan ST, de Villa VH, Kiuchi T, Lee SG, Makuuchi M.

Right anterior sector drainage in right lobe live donor liver

transplantation. Transplantation 2003; 75(3 Suppl.): 0S25.

10. Lee SG, Park KM, Hwang S et al. Modified right liver graft

from a living donor to prevent congestion. Transplantation

2002; 74: 54.

11. Zeytunlu M, Icoz G, Kilic M, Yuzer Y, Tokat Y. Optimal

venous drainage for right lobe living donor liver grafts.

Transplant Proc 2002; 34: 3327.

12. Hwang S, Lee SG, Ahn CS et al. Cryopreserved iliac artery

is indispensable interposition graft material for middle

hepatic vein reconstruction of right liver grafts. Liver

Transpl 2005; 11: 644.

13. Lee KW, Lee DS, Lee HH et al. Interposition vein graft in

living donor liver transplantation. Transplant Proc 2004;

36: 2261.

14. Ito T, Kiuchi T, Yamamoto H et al. Efficacy of anterior

segment drainage reconstruction in right-lobe liver grafts

from living donors. Transplantation 2004; 77: 865.

15. Kamei H, Fujimoto Y, Yamamoto H et al. The use of

radial artery interpositional graft between recipient splenic

artery and graft artery in living donor liver transplantation.

Transpl Int 2006; 19: 945.

16. Mizuno S, Yokoi H, Isaji S et al. Using a radial artery as

an interpositional vascular graft in a living-donor liver

transplantation for hepatocellular carcinoma. Transpl Int

2005; 18: 408.

17. Margarit C, Hidalgo E, Lazaro JL, Murio E, Charco R,

Balsells J. Biliary complications secondary to late hepatic

artery thrombosis in adult liver transplant patients. Transpl

Int 1998; 11(Suppl. 1): 251.

18. Noujaim HM, Mayer DA, Buckles JA et al. Techniques for

and outcome of liver transplantation in neonates and infants

weighing up to 5 kilograms. J Pediatr Surg 2002; 37: 159.

19. Zamboni F, Franchello A, Ricchiuti A, Fop F, Rizzetto M,

Salizzoni M. Use of arterial conduit as an alternative tech-

nique in arterial revascularization during orthotopic liver

transplantation. Dig Liver Dis 2002; 34: 122.

20. Tamura S, Sugawara Y, Kaneko J et al. Systematic gradings

of surgical complications in live liver donors according to

claviene’s system. Transpl Int 2006; 19: 982.

21. Kraiss LW, Johansen K. Pharmacologic intervention to

prevent graft failure. Surg Clin North Am 1995; 75: 761.

22. Kaneko T, Kaneko K, Sugimoto H et al. Intrahepatic anasto-

mosis formation between the hepatic veins in the graft liver

of the living related liver transplantation: observation by

Doppler ultrasonography. Transplantation 2000; 70: 982.

Kilic et al. Management of anterior sector drainage in liver transplantation

ª 2007 The Authors

Journal compilation ª 2007 European Society for Organ Transplantation 20 (2007) 697–701 701


