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Abstract

AIM: Living related liver transplantation (LRLT) has been
developed in response to the paediatric organ donor shortage.
Though it has been succeeded in many centers worldwide,
the safety of the donor is still a major concern, especially
in donors with anatomy variation. We succeeded in performing
the first two cases of living related liver transplantation
with complicated anatomy of blood vessels as a way to
overcome cadaveric organ shortage in Beijing.

METHODS: Two patients, with congenital liver fibrosis and
congenital biliary atresia were performed with living donor
liver transplantation in our hospital and then followed up
from November 12 to December 13, 2001. The two living
donors, mother and father, were healthy aged 34 and 35
years. One right lobe (segment V, VI, VII, VIII) and one
left lateral lobe (segment II and III) were used. The grafts
weighed 394 g and 300 g. The ratio of graft weight to the
standard liver volume (SLV) of donors was 68% and 27%.
The graft weight to recipient body weight ratio was 3.2%
and 4.4%. The graft weight to recipient estimated standard
liver mass (ESLM) ratio was 63% and 85%. The two donors
had complicated blood vessel variation.

RESULTS: Two patients undergone living donor liver
transplantation had good results. Abnormal liver function
with high bilirubin level appeared in a few days after
operation, but liver function returned to normal one month
after operation with bilirubin level almost decreased to
near normal. No bleeding, thrombosis, infection and bile
leakage occurred. One had an acute rejection and recovered.
The two donors recovered in two weeks. One had slight
fever because of a little collection in abdomen and recovered
after paracentesis and drainage.

CONCLUSION: Living donor liver transplantation has been
proved to be a good way that offers a unique opportunity
of getting a timely liver graft as a response to shortage of
pediatric donors, though it could be a technically difficult
operation if there is anatomical variation.
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INTRODUCTION
Orthotopic liver transplantation is an effective therapy for end-
stage liver disease and has been proved to be a major advance
in the treatment of children with liver disease. But the
development of liver transplantation in infants and young
children has been hampered by the shortage of donors, especially
the scarcity of size-matched donors. Though reduced-size liver
transplantation (RLT) was used in some centers, it does not
expand the pool of potential donors and the mortality rate of
recipients on the waiting list has remained high.
      From November 12 to December 13 of 2001, the first two
cases of living related liver transplantation in Beijing were
successfully performed in our hospital. The donors were mother
and father. The recipients were their 12-year-old and 31-month-
old daughters. The donors and recipients all recovered about
two months after operation. These two cases indicate the
potential benefit of living related liver transplantation in Beijing.

MATERIALS AND METHODS
Patients
Between November 12 and December 13 of 2001, living related
liver transplantation was successfully performed on two cases
in the First Hospital, Peking University. They were two girls.
Underlying diseases were congenital liver fibrosis and
congenital biliary atresia.

Donor selection and evaluation
The living donors were mother and father with ABO identical
blood group to the patients. There was no biochemical or
serologic evidence of liver disease. Computerized tomography
(CT) with volumetric measurement was performed to assess
the volume of the right lobe and the left lateral lobe in order to
determine the graft to be harvested. Angiographies to assess
the vascular anatomy were performed in both donors. We found
that both donors had blood vessel variations. In donor 1, the
right hepatic artery (RHA) was from the superior mesenteric
artery (SMA) (Figure 1A). The two branches of right portal
veins (anterior and posterior right portal vein, ARPV and PRPV)
of the mother were combined to the left portal veins (LPV)
separately inside the liver parenchyma, no common trunk of
right portal vein was found (Figure 1B). In donor 2, the left
hepatic artery was derived from the right anterior hepatic artery,
which was nearly inside the liver parenchyma (Figure 1C).

Donor operation
Laparotomy was performed via bilateral subcostal incision with
an upward midline extension to the xiphoid process.
Cholecystectomy was performed and the cystic duct was
cannulated for cholangiography using undiluted radiographic
contrast in order to delineate the ductal anatomy.
     In donor 1, the cholangiography showed that it had the
similar variation to the portal vein, the two branches of right
bile ducts (anterior and posterior right bile ducts, ARBD and
PRBD) of the mother were combined to the left bile duct
separately which were inside the liver parenchyma (Figure 2).
     Intraoperative ultrasonography was then performed to



determine the configuration of the right hepatic vein, the
junction of the middle hepatic vein with the left hepatic vein
and to mark on the liver surface the position of the middle
hepatic vein, which would be the liver transection plane. No
right inferior hepatic veins were found in these two donors.
The transection line was determined by the optimal graft volume
and the anatomy of its drainage veins. The entire drainage area
of the right and left hepatic veins were also identified by intra-
operative ultrasonography. All of the right and left hepatic
venous branches were traced to the periphery in the medial
segment and marked with electrocautery on the liver surface.
Hilar dissection was performed to free the right hepatic artery
and portal vein. Branches of the right and left portal veins
supplying the caudate process were divided and ligated.
      In donor 1, dissection of the right portal veins (ARPV and
PRPV) and the right hepatic ducts (ARBD and PRBD) was not
made until the liver was transected, because they were inside
the liver parenchyma due to anatomical variation. Parenchymal
transection was performed by intraoperative ultrasonography
with an ultrasonic dissector without vascular occlusion. The
right hepatic ducts (the anterior and posterior ducts) were
divided near the confluence of the bile ducts. The defect on the
left hepatic duct was closed with 5-0 PDS monofilament
absorbable sutures. After mobilization of the right liver, the
right portal veins (the anterior and posterior veins), the right
hepatic artery (from superior mesenteric artery) and vein were
clamped at the junction with the main trunks and divided. At
the back table, the graft was immersed in ice sludge and flushed
with University of Wisconsin (UW) solution through the right
portal venous cannula. The stumps of the right hepatic artery,
the right hepatic vein and portal vein on the donor liver remnant
were sutured.
      In donor 2, The left hepatic artery, portal vein and hepatic
vein were freed and hepatic parenchymal transection was
accomplished using an ultrasonic dissector without vascular
occlusion. Because the left hepatic artery was from the anterior
right hepatic artery, the dissection of the left hepatic artery was
partly inside the liver parenchyma when the liver transection
was finished. The left duct was divided close to the cut surface
of the liver, with an intact Glissonian sheath. The left hepatic
duct was divided near the confluence of the bile ducts. The
isolated graft was perfused in situ with the left portal vein clamped
and cannulated by a catheter connected with cold lactated
Ringer’s solution followed by a cold UW solution, when the left
hepatic vein was opened.

Recipient operation
The abdomen was entered through a bilateral subcostal incision
with midline extension. Hilar dissection was performed to
isolate and divide branches of the hepatic artery and portal
vein. Then, total hepatectomy was performed with the inferior

vena cava preserved.
     In recipient 1, the graft right hepatic vein (RHV-D) was
anastomosed end-to-end to the recipient right hepatic vein
(RHV-R). The graft anterior right portal vein (ARPV-D) was
anastomosed end-to-end to the recipient left portal vein (LPV-R)
and the graft posterior right portal vein (PRPV-D) was
anastomosed end-to-end to the recipient right portal vein (RPV-R).
The similar method was used to reconstruct the bile duct without
stenting after the hepatic artery anastomosis (Figure 3).

Figure 2  Chlangiography of the donor 1 Two branches of
right bile duct (anterior and posterior right bile ductS, ARBD
and PRBD) of the mother.

Figure 3  End-to-end anastomosis of the graft right hepatic
vein (RHV-D) to the recipient right hepatic vein (RHV-R).

      In recipient 2, the graft left hepatic vein was anastomosed
end-to-end to the confluence of the recipient left and middle
hepatic veins. The graft left portal vein was anastomosed end-
to-end to the truncated bifurcation of the recipient portal vein.
The left hepatic duct was anastomosed to the Roux-en-Y limb
of jejunum with an internal stent after the hepatic artery
anastomosis.
     The hepatic artery of the graft was anastomosed to the
recipient hepatic artery using microvascular techniques.

Figure 1  Angiography of the donors. A: Right hepatic artery (RHA) from superior mesenteric artery (SMA). B: Two branches of
right portal veins (anterior and posterior right portal veins, ARPV and PRPV) of the mother. C: Left hepatic artery (LHA) derived
from right anterior hepatic artery (RAHA).
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Postoperative immunosuppression
Induction and maintenance immunosuppressive therapy
consisted of a triple-drug regimen of steroid, cyclosporine A,
and azathioprine. Acute rejection episode suspected on clinical
and biochemical features and confirmed by percutaneous liver
biopsy, was treated by intravenous bolus of methyl-predimetholone.

RESULTS
There was no operative mortality in the two living donors. One
donor had postoperative complication of abdominal collection
about two weeks after operation and recovered by percutaneous
drainage about three weeks afteroperation. Blood losses during
the donor operations were 150 mL and 70 mL respectively, and
no blood transfusion was required in these two donor operations.
Blood losses during the recipient operations were 50 mL and
100 mL respectively, and recipient 2 received 200 mL blood
transfusion in the operation. The first warm ischaemia time of
the grafts was 30 s and almost 0 s. The cold ischaemia time of
the grafts was 120 min and 180 min. The second warm ischaemia
time of the graft was 40 min and 50 min. The portal and arterial
reperfusion interval time was 70 min and 90 min.

Table 1  Laboratory findings of donor 1

Content             Pre-    1 d post-    3 d post-   7 d post-   14 d post-
       operation operation   operation   operation   operation

ALT (IU/L)    12     372          110      48            45
AST (IU/L)       9     404          105      43            40
TBIL (ug/L)    10.5       80.2           32.5        7.4              8.2
DBIL (ug/L)        3.8       37.5             4        3.94  2.1
PTA (%)    78.0       32.0           29.0      56.0            72.0

Table 2  Laboratory findings of donor 2

Content             Pre-     1 d post-   3 d post-   7 d post-   14 d post-
         operation  operation  operation  operation   operation

ALT (IU/L)    37      816           305      42
AST (IU/L)    30      817             58      37
TBIL (ug/L)      7.7      21.8              9.7        5.0
DBIL (ug/L)      3.5        3.24            2.3        0.78
PTA (%)    82    127          151    127

      The weight of grafts was 394 g and 300 g, respectively. The
ratio of graft weight to the standard liver volume (SLV) of donor

was 68% and 27%, respectively. The graft weight to recipient
body weight ratio was 3.2% and 4.4% respectively, and the
graft weight to recipient estimated standard liver mass (ESLM)
was 63% and 85%.
      The duration of postoperative hospital stay of the donors
was 7 d and 21 d. Most laboratory profiles returned to normal
about two weeks after operation. The two donors had normal
liver function and were able to return to their preoperative
activities 3 mo after the operation.
       Both patient and graft survived well 3 mo after operation. No
postoperative complication occurred in recipient 1. Recipient 2
had an attack of acute rejection one week after the operation,
and recovered after bolus treatment of methylprednisolone (1 g
methylprednisolone per day for three days, iv).
       Data on the postoperative serum total bilirubin (TBIL), direct
bilirubin (DBIL), alanine aminotransferase (ALT), aspartate
aminotransferase (AST) and prothrombin activities (PTA) are
shown in Tables 1-4.

DISCUSSION
The well-known inverse relationship between the availability
of cadaveric pediatric organs and the epidemiology of pediatric
liver disease has resulted in a substantial mortality rate among
children on the waiting list[1,2].  Although RLT could alleviate
the shortage of small donor organs, it did not expand the pool
of potential donors, but induced a shift of grafts from a limited
pool of adult cadaveric donors to pediatric recipients[3]. The
use of liver donors has providesd a means for increasing the
overall supply of livers[4,5].
     Though liver consists of paired structures anatomically, safe
separation of liver into its right and left halves requires
considerable experience[6,7]. Fan et al.[14] identified the reasons
for unsatisfactory outcomes such as the presence of necrotic
tissue on the liver transection surface, inadequate hepatic
venous drainage, missed right posterior hepatic duct, and more
than one right hepatic duct orifice on the graft.All these made its
reconstruction difficult[8]. We followed the procedure “living
donor liver transplantation using right lobe graft” by preferring
the division of liver parenchyma along the Cantlie line[9]. To
define the Cantlie line, we used the middle hepatic vein as a
reference by using the intraoperative ultrasonogram[10,11]. To
reduce the bleeding in the operation, we also decreased the central
venous pressure to about 5 cm H2O[12].
     The blood supply to the hepatic duct is dependent on a
peribiliary plexus[13]. In the harvesting of the right or the left

Table 3  Laboratory findings of recipient 1

Content       Pre-           1 d post-         3 d post-           7 d post-        14 d post-        21 d post-          28 d post-
 operation           operation         operation         operation         operation         operation          operation

ALT (IU/L)     40    372            189            103   80 24 28

AST (IU/L)     44    418 78 53   19 17 22

TBIL (ug/L)     17.4      73.4 63.3 80.6   58.6 53.6 23.8

DBIL (ug/L)       5.0      45.28 30.6 46.6   30.2 26.6   6.6

PTA (%)     89      18 31 43   41 73 81

Table 4  Laboratory findings of recipient 2

Content       Pre-           1 d post-         3 d post-           7 d post-        14 d post-        21 d post-          28 d post-
 operation           operation         operation         operation         operation         operation          operation

ALT (IU/L)     105 1 054           1 397 496 185 47 42

AST (IU/L)     250 3 028 414 107   70 35 31

TBIL (ug/L)     480.4      87.7 209.3 216.2 205.4 96.7 44.2

DBIL (ug/L)     373.8      44.79 124.4 178.1 161.1 82.1 30.7

PTA (%)       92         7   16   58   72 76 78
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lobe graft, the blood supply is mainly from tiny arterial arcades
from the right or the left portion of the caudate lobe[13]. So, the
liver tissue cranial to the hepatic duct was cleared by ultrasonic
dissector down to the caudate process and care was taken to
avoid thinning the wall of the hepatic duct with ultrasonic
dissector. We also noticed to maintain the blood pressure stable
in the operation because hypotensive episodes would render
the hepatic duct stump vulnerable to ischemia and necrosis[14].
     In our group, the two donors had complicated anatomy
variation. In donor 1, ARPV and PRPV were parallelly combined
to the left portal vein, which were inside the liver parenchyma, no
common trunk of right portal vein was found in extraparenchyma
of the liver. The right hepatic duct had the similar anatomical
variation with two parallel branches. This was rare in our past
experiences and made the operation quite complicated. A series
of 990-arterioportographic studies and 3 000-endoscopic
retrograde cholangio-pancreatic-graphic studies of the liver
showed that the incidence of this kind of portal vein variation and
hepatic bile duct variation was 0.15% and 5.08%, respectively[15-17].
When we tried to expose the ARPV and PRPV, we did not
follow the main trunk of portal vein from the hilum, but dissected
the hepatic parenchyma with intraoperative ultrasonography
by an ultrasonic dissector without vascular occlusion in
combination with hilar dissection to free the ARPV and PRPV[11].
Dissection of right hepatic ducts was not carried out until the liver
was transected. Chen et al.[4] reported that 83.33% intrahepatic
ducts had the similar anatomy variation as the portal veins[18]. We
paid more attention to intraoperative cholangiography and
certified the similar anatomical variation in our group. We
performed the same procedure to finish the dissection of anterior
right hepatic duct and posterior right hepatic vein[19,20].
       In donor 2, angiographic study showed that the left hepatic
artery was from the anterior right hepatic artery. To avoid
ischemia due to excessive hepatic artery dissection, which might
cause biliary stricture or leakage[21], we dissected the left hepatic
artery just on the left side of the common hepatic duct and
carefully preserved the posterior right hepatic artery from the
left side of the left hepatic artery. We also performed a little
dissection in liver parenchyma with an ultrasonic dissector to
get enough length of left hepatic artery for anastomosis[4]. It is
important not to isolate the left hepatic artery too far into the
left side of the liver parenchyma to avoid devascularization of
the left hepatic duct[22].
     Since these are the first two cases of living related liver
transplantation in Beijing, ethical issues need to be considered
when one contemplates liver transplantation from parent to
child. These issues are similar to those associated with the
transplantation of renal grafts from living related donors[23].
With the experience in liver resection, we conclude that the
surgical risk is low enough to be acceptable for a parent or
other close relatives if they volunteer to be an organ donor.
Sure, it is an ethical dilemma of subjecting a healthy person to
major hepatic resection to obtain a graft for a patient with end-
stage liver disease[24-26]. We all agree with the congsensus that
living-donor liver transplantation is not justified when there
are sufficient cadaveric donors. However, the procedure could
be justified for a patient with fulminant hepatic failure when no
cadaver donor was available and when the recipient had a
reasonable chance of a successful outcome[27].
      The success of these first two cases has led to the acceptance
of living related liver transplantation (LRLT) for clinical
application in our center. With the excellent results in many
centers and our present study[28,29], we consider that LRLT
should be a good way for the care of patients with end-stage
liver diseases or fulminant liver failure, particular in countries
where cadaveric organ donation is limited or not available[30,31].
Though it might be very difficult technically, we should not
give it up when we consider safety of the donor as our absolute

priority first.
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