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Introduction

Budd-Chiari syndrome (BCS) is a rare clinical condition

that results from the obstruction of hepatic venous out-

flow [1–3]. The obstruction may occur at any level from

the peripheral hepatic veins to the inferior vena cava

(IVC). IVC obstruction (referred to as obliterative

hepatocavopathy, OHC), with or without obstruction of

the hepatic veins, is more common in the East than in

the West [4,5]. Although it assumes a relatively indolent

course, IVC obstruction often leads to hepatocellular car-

cinoma (HCC) [5]. Liver transplantation for the treat-

ment of this nonclassical type of BCS warrants serious

consideration from the perspective of controlling HCC

and resolving liver cirrhosis.

During liver transplantation for the treatment of BCS,

it is necessary to reconstruct hepatic tributaries to main-

tain a sufficient outflow from the liver. In addition, IVC

reconstruction along with liver transplantation may be

necessary in some OHC cases when the collateral venous

flow is insufficient; this is performed to prevent renal dys-

functions, lower limb edema, and ascites. Compared to

whole liver transplantation wherein the IVC of the

deceased donor is available, the selection of vessel grafts

to be used as a substitute is crucial for IVC reconstruc-

tion during living-donor liver transplantation (LDLT).

When only a small area of the IVC is diseased, it is poss-

ible to perform cavoplasty by using autologous or donor

vein patches to widen the orifice of the hepatic tributaries

[6,7]. However, IVC replacement becomes necessary when

the degree of IVC stenosis or obstruction is extensive or

when a metallic stent has been implanted in the diseased

IVC during previous intervention. Although cryopre-

served IVC graft, if available, or a synthetic conduit can

be used, the associated risks concerning the graft endur-

ance cannot be ignored. To date, autologous vessel grafts

would be a practical option for IVC replacement in

LDLT; however, the relevant surgical techniques have not
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Summary

Obliterative hepatocavopathy (OHC) is a subtype of Budd-Chiari syndrome in

which stenosis or obstruction of the retrohepatic inferior vena cava (IVC) is

observed. Although IVC replacement is necessary in OHC patients, there are

hardly any graft vessels available for IVC reconstruction during living-donor

liver transplantation (LDLT). Here, we describe a novel technique of IVC

reconstruction using only the autologous blood vessels in an OHC patient dur-

ing LDLT. In this case, sufficient drainage of the hepatic outflow and recon-

struction of the venous return from the lower half of the body were

simultaneously required. Therefore, we substituted the retrohepatic IVC with

the suprarenal IVC of the recipient, and we reconstructed the IVC continuity

by using the autologous internal jugular vein and external iliac vein. The

operation was safe, and the postoperative venous drainage from the hepatic tri-

butaries was in good condition. This procedure might be an option for IVC

replacement during LDLT.
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been reported. Here, we report a novel surgical technique

for reconstructing the hepatic outflow tract by using

autologous vein grafts (recipient’s partial IVC and other

vessel grafts) during LDLT for an OHC patient.

Case report

A 40-year-old woman who was diagnosed with OHC com-

plicated by multiple HCC was admitted to our hospital for

liver transplantation in November 2005. Initial examina-

tions including inferior vena cavography, which was per-

formed in 1994, revealed stenosis of the retrohepatic IVC

and occlusion of three hepatic veins. The outflow from the

right and middle hepatic veins drained into the left hepatic

vein, and that from the liver drained into the pericardial

venous sinus. Based on these findings, spiral zigzag metal-

lic stents were inserted into the retrohepatic IVC and left

hepatic vein in 1998. HCC was first diagnosed in 1995;

since then, the patient has undergone repeated interven-

tions more than 10 times to control the HCC lesions.

However, as further interventions were not expected to

improve her prognosis, she was referred for liver trans-

plantation; her husband was willing to donate his liver.

Informed consent was repeatedly obtained from the

patient and her family members. Preoperative inferior vena

cavography revealed that the IVC stent was patent (Fig. 1).

An IVC occlusion test was performed simultaneously. The

IVC pressures before and after occlusion were 16 and

54 cmH2O, respectively; this led us to conclude that IVC

reconstruction was necessary for this patient.

In November 2005, LDLT was performed using the

right posterior segment of the liver as the graft. After pre-

paring the hilar structures of the recipient’s liver, it was

fully mobilized to expose the IVC. As the upper end of

the IVC stent was at the level of the suprahepatic IVC,

dissection of the diaphragmatic crus was not required.

The diaphragm was adhered to the right side of the

suprahepatic IVC; therefore, the IVC was circumferen-

tially dissected from the diaphragm and encircled. Veno-

venous and porto-venous bypasses were established. The

portal vein was dissected at the level of the bifurcation.

Subsequently, a German clamp was applied to the supra-

hepatic IVC, followed by clamping of the infrahepatic

IVC. After the IVC was transected immediately below and

above the IVC stent, the native liver was excised along

with the IVC (Fig. 2a). The length of the IVC defect was

Figure 1 Inferior vena cavography before transplantation revealed

that the inferior vena cava (IVC) was patent. The stents inserted into

the IVC (arrow) and the left hepatic vein (arrowhead) are visible.

Figure 2 (A) The level of transection of the inferior vena cava (IVC). (B) Schematic representation of the IVC reconstruction by using autologous

vein grafts. (C) A photograph showing the complete anastomoses of the vessel. The suprarenal IVC graft (a), right external iliac vein graft (b), left

internal jugular vein (IJV) graft (c), right hepatic vein (d), inferior right hepatic vein (e), Glisson’s sheath (f), anastomoses of the right hepatic vein

and the IVC graft (arrow), and of the IJV and the suprarenal IVC (arrowhead) are indicated.
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8 cm. The left internal jugular vein (IJV) and the right

external iliac vein (EIV) of the recipient were harvested.

The IVC was exposed distally until the renal vein was vis-

ible; subsequently, the suprarenal portion of the IVC,

measuring 4-cm length, was harvested (Fig. 2a).

The hepatic outflow tract was constructed on the back

table (Fig. 2b). To prevent any postoperative blocking of

the hepatic outflow, we used the suprarenal IVC graft of

the recipient as a drain from the implanted liver. An ori-

fice was created on the lateral side of the IVC graft, and

the lower end of the IVC was trimmed and approximated

to match the orifice of the EIV graft. While the donor

liver was perfused with Belzer UW solution (ViaSpan;

Barr Laboratories, Pomona, NY, USA), the orifice of the

right hepatic vein was anastomosed to the lateral orifice

of the IVC graft using a Prolene running suture. The

lower orifice of the IVC graft was anastomosed to the

upper orifice of the EIV graft. Subsequently, the orifice

created on the lower side of the EIV graft was anastomo-

sed to the inferior aspect of the right hepatic vein. Finally,

the IJV graft was anastomosed in an end-to-end manner

with the lower end of the EIV graft. After the donor liver

was implanted, the suprahepatic IVC stump was anasto-

mosed to the IVC graft using a 4-0 Prolene running

suture. The portal vein catheter was removed, and the

portal vein trunk was anastomosed to the right portal

vein of the donor; subsequently, reperfusion was per-

formed. A longitudinal slit was created in the lower end

of the IJV graft, and the suprarenal IVC stump was

trimmed to perform an end-to-side anastomosis of these

veins using a 5-0 Prolene running suture (Fig. 2c). The

operation lasted 14 h, and 2700 ml of blood was lost. No

complications occurred during the operation.

Intra-operative and postoperative Doppler ultrasonog-

raphy showed good venous drainage from the right hep-

atic vein. Continuous heparin infusion was started from

postoperative day 1 with a target activated coagulating

time in the range of 150–180 s. From postoperative day

26, heparin was substituted with warfarin potassium, with

a target INR in the range of 1.5–2.5. The postoperative

course was uneventful. It is now 1 year and 5 months

since the transplantation, and the patient is recovering

well without any episode of graft dysfunctions or HCC

recurrence.

Discussion

Our case simultaneously required sufficient drainage of

hepatic outflow and reconstruction of the venous return

tract from the lower half of the body. We achieved these

requirements by using autologous vein grafts. Cryopre-

served IVC has been reportedly used for IVC reconstruc-

tion in LDLT [8]. The advantages of using cryopreserved

IVC as a vein graft are as follows: it is readily accessible, a

sufficient length and diameter can be obtained, and it is

easy to process for connection with other veins. The

short-term endurance of cryopreserved vein grafts

is acceptable. Sugawara et al. [9] reported that at a

median follow-up of 9 months, anastomotic stricture or

thrombosis was not observed when cryopreserved vein

grafts were used to reconstruct hepatic tributaries in

LDLT. In contrast to the favorable short-term outcome,

Kuang et al. [10] reported that the long-term result of

using cryopreserved vein grafts was unfavorable. They

used cryopreserved saphenous and iliac veins as interposi-

tions for reconstructing the portal vein and hepatic artery

during LDLT. During the subsequent follow-up period of

more than 36 months, eight of the nine grafts showed

complications including aneurysm, thrombosis, and stric-

ture. Millis et al. [11] reported a high incidence rate

(51%) of stenosis or thrombosis of reconstructed portal

veins when a cryopreserved iliac vein was used to recon-

struct the portal vein in LDLT (n ¼ 37). Therefore, the

use of cryopreserved veins for the reconstruction of IVC

in LDLT may be avoided when the recipients are relat-

ively young and when alternative vein grafts can be used.

Meanwhile, autologous nonvascular tissue grafts including

the pericardium and the rectus fascia sheath have been

utilized [12,13]. However, till date, these grafts have not

been commonly used; further, their patency in the short

and long terms remains unclear. Occasionally, synthetic

conduits are used for IVC reconstruction in hepatectomy

for large liver tumors involving the IVC. However, as syn-

thetic grafts are prone to infection and thrombosis, they

might not have been suitable for this case [14,15].

On the basis of findings of these reports, we selected

autologous vein grafts for IVC interposition. When a

right lobe liver graft is used for LDLT, our team often

use the IJV and EIV of the recipient for reconstruction of

the middle hepatic vein, and we have achieved good

patency results. We believe that the use of unilateral IJV

and EIV has been justified by the previous reports

[16,17]. However, in this case, both IJV and EIV were

not suitable for interposition of the retrohepatic IVC

because a sufficiently high diameter of the vessel graft was

required to achieve adequate hepatic outflow from the

tributaries of the implanted liver. Therefore, we used

the suprarenal IVC of the recipient as a substitute for the

retrohepatic IVC; this technique was first reported by

Yamamoto et al. [18] during ante-situm hepatectomy

with IVC resection. Their team used a synthetic conduit

to repair the IVC defect; however, we used autologous

IJV and EIV for interposition for the abovementioned

reasons. While this novel procedure was being performed,

IVC reconstruction along with LDLT was safely accom-

plished using only autologous vein grafts, which may be
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considered more suitable for venous interposition than

other allogenec grafts or nonvascular tissue grafts; further,

the hepatic venous outflow from the implanted liver was

successfully maintained. Moreover, this procedure is not

very complicated except with regard to the establishment

of porto- and veno-venous bypasses, which is necessary

for all cases requiring IVC resection, and harvesting of

the suprarenal IVC of the recipient.

In summary, this case illustrates that during LDLT,

IVC reconstruction by using autologous suprarenal IVC,

IJV, and EIV may be safely performed with minimal com-

plications. This technique may be beneficial for patients

undergoing IVC reconstruction along with LDLT.
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