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Adult liver transplantation using pediatric donor livers
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Abstract. The present study reports on the experience at
Jiangxi Provincial People's Hospital (Nanchang, China)
with liver transplantation in adults using pediatric donor
livers, including indications, technique and results. A total
of three cases of liver transplantation performed between
April 2008 and May 2016 were retrospectively reviewed. Liver
procurement and trimming, recipient selection, surgical tips,
prevention and treatment of small-for-size syndrome, selection
of immunosuppressive regimens, prevention and treatment
of vascular complications and anticoagulant therapy were
discussed. The three pediatric donors were 8, 8 and 10 years
old. The three recipients were confirmed to have primary
liver cancer. In recipient 1 (female; age, 39 years), jaundice
persisted in the recipient after the liver transplantation. A
reduced dose of FK506 was then given to gradually decrease
the total bilirubin level to the normal range. Recipient 1 recov-
ered and was discharged from hospital; however, the patient
died of liver cancer recurrence and bone metastasis 6 years
post-transplantation. In recipient 2 (male; age, 56 years), the
recipient experienced sudden abdominal distension on postop-
erative day 7. The patient's clotting time was prolonged and the
transaminase level was sharply increased, peaking on day 9.
The patient was suspected of having small-for-size syndrome
and was treated symptomatically. The patient experienced a
significant improvement in symptoms on postoperative day 13
and regular postoperative follow-ups were performed until now
and the patient is now in remission. In recipient 3 (male; age,
48 years), the recipient recovered well and the liver function
returned to normal on postoperative day 3. The patient was
discharged from hospital and has been in remission thus far.
Adult liver transplantations from pediatric donors are feasible
treatments. Systematic donor and recipient assessments, sound
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surgical skills and optimal postoperative treatments are essen-
tial for success in the transplantation of livers from pediatric
donors into adult recipients. Considering the condition of the
donor liver, the selection of recipients and appropriate surgical
methods are particularly important in these cases.

Introduction

Liver transplantation is widely accepted as an effective therapy
for patients with end-stage liver disease (1). In the past, donor
organs in China were mainly transplanted from relatives
and deceased patients. With improvements in China's legal
system, the use of deceased patients as donors was banned in
2015 (2,3). As a consequence, there has been a severe shortage
of organ donors (4). Organ transplantation from living rela-
tive donors has become the last resort; however, it is not
advocated (4). After lengthy discussions and developments
within the organ transplant branch of the Chinese medical
association (5), donation after citizen's death (DCD) became
the major source of organs for transplantation in 2015 (3).
Pediatric DCDs account for a certain proportion of the total
DCD donors (6). It is at times difficult to find matching child
recipients for the organs of older-aged normally developed
child donors (6). Therefore, liver transplantations in adults
using pediatric donor livers have been performed to improve
organ utilization (7-18). This has broadened the source of
liver donors for transplantation in adults and certainly allevi-
ated any shortages (7,8). Selection of optimal recipients and
appropriate surgical methods based on the condition of the
donor liver (including donor liver volume, caliber difference
between donor and recipient vessels, and the spatial location
of the donor liver in the abdominal cavity of recipients, are
crucial for successful liver transplantation in adults using
pediatric donor livers (16-18). At present, pediatric donation in
China is still in its infancy (9-15). The DCD donation process
was implemented in the hospital of the current study during
its initial development as a pilot project. In April 2008, a
preliminary experience was obtained at the hospital with the
first case of an adult liver transplantation using a pediatric
donor liver (case 1 of the present study). Another two trans-
plantations wherein child donors provided organs for liver
transplantation in adults were performed in November 2015
(case 2) and May 2016 (case 3). In the present study, these three
cases of adult liver transplantation using pediatric liver DCDs
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were discussed. The relevant points and challenges discussed
include liver procurement and trimming, recipient selection,
surgical tips, prevention and treatment of small-for-size
syndrome (SFSS), selection of immunosuppressive regimens,
prevention and treatment of vascular complications and
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medications. A total of 3 liver recipients (male, 2; female, 1; & g 0 0 O

mean age, 47.67 years; age range, 39-56 years) who were < % -

confirmed to have primary liver cancer were recruited

between April 2008 and May 2016. The liver functions were 5

graded as Child-Pugh A in two patients and Child-Pugh B in > o 1) g §

one patient (19). Two recipients underwent orthotopic liver S 3 S & 8

transplantation and one underwent piggyback liver trans- § 2 ; E ;
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plantation (Table II). Post-operatively, an immunosuppressive 555

regimen consisting of mycophenolate mofetil and tacrolimus
was scheduled for the recipients with primary hepatocellular
carcinoma. Anti-HBV treatment was administered orally in
the form of anti-HBV drugs. If necessary, anti-HBV drugs
were recommended in combination with two antiviral drugs.
Hepatitis B immunoglobulin was administered during the
hospitalization. Post-operative anticoagulant therapies,
including low molecular weight heparin sodium and aspirin,
were administered according to the recipients' liver blood
flow monitored by color Doppler ultrasound and associated
coagulation function indicators.

Donation

classification
(China category)

TBIL, total bilirubin (normal range, 3.4-20.5 pmol/l); DBIL, direct bilirubin (normal range, 0-7.00 pmol/l); AST, aspartate aminotransferase (normal range,15-40 IU/1); ALT, alanine aminotransferase

(normal range, 9-50 IU/1); CREA, creatinine (normal range, 44-115 pmol/l).

Table I. Clinical data of the pediatric liver donors and liver grafts.

Donor
o
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Table II. Clinical data of adult liver transplant recipients of pediatric donor livers.

Body Body Liver

Recipient Age height weight function Anhepatic Surgical Operation
no. Primary disease (years) Sex (cm) (kg) grading  time (min) mode time (h)
1 Primary liver cancer 39 Female 156 46 Child B 49 Orthotopic 6.1
2 Primary liver cancer 56 Male 160 49 Child A 53 Piggyback 52
3 Primary liver cancer 48 Male 162 51 Child A 58 Orthotopic 4.5
Table III. Clinical data of recipient 2 following surgery.
Number Depth of ascites in sitting
of days Blood position monitored
after TBIL DBIL AST ALT PT APTT ammonia by color Doppler
surgery (umol/1) (umol/l) an an (sec) (sec) INR (umol /1) ultrasound (cm)

1 232 16.5 659 516 17.5 82.6 1.56 1219 34

3 80.3 65.1 316 266 15.2 459 1.34 61.2 2.2

5 44 .8 26.9 64 182 133 34.8 1.16 754 2.0

7 42.5 233 3431 4,588 21.0 36.3 1.89 108.5 42

9 89.8 542 3,705 5,698 312 52.1 2.89 146.0 8.7
11 86.1 50.2 1,853 5,135 209 394 1.88 125.7 52
13 66.1 46.1 851 1,027 19.2 38.8 1.72 89.2 4.8
15 459 30.5 43 443 16.5 434 1.46 44.6 33

TBIL, total bilirubin; DBIL, direct bilirubin; AST, aspartate aminotransferase; ALT, alanine aminotransferase; PT, prothrombin time; APTT,
activated partial thromboplastin time; INR, international normalized ratio.

Results

In the case of recipient 1, postoperative jaundice worsened
during the course of the hospital stay following transplanta-
tion. On the 3rd postoperative day, TBIL, DBIL, ALT and
AST levels were up to 178, 93.9, 84.1 ymol/1, 153 and 267 TU/1,
respectively, but the recipient had no chills or fever and no
liver pain, and the T-tube drainage prevented bile leakage.
Recipient 1 was considered to suffer from FK506 toxicity as
the FK506 blood concentration was 12.66 ng/ml and there was
no evidence of rejection. After reducing the FK506 dose, the
TBIL level gradually decreased and the bile drainage volume
gradually increased to 300-500 ml per day. Recipient 1 was
discharged around postoperative day 40. The T-tube was
clamped at 2 postoperative months and cholangiography
was performed after 3 months of continuous clamping of the
T-tube. The cholangiography results indicated normal biliary
tract outflow, with no signs of obstruction and the T-tube was
removed. Postoperative chemotherapy with 5-fluorouracil and
calcium folinate was administered only once, as the white
blood cell count was low after chemotherapy. In 2011, recipient
1 died of liver cancer recurrence and bone metastasis.

In the case of recipient 2, on the 7th postoperative day, the
patient suddenly developed abdominal distension, prolonga-
tion of the clotting time and a sudden and dramatic rise in
transaminase levels, which peaked on the 9th postoperative
day. The TBIL, DBIL, ALT and AST levels were 89.8 pmol/l,

Figure 1. Multiple low-density lesions are visible on CT angiography in
recipient 2.

5,698 and 3,705 IU/I, respectively (Table III). The results of
CT angiography revealed multiple low-density lesions in the
liver and a weakly developed hepatic artery (Figs. 1 and 2).
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Figure 2. CT angiography in recipient 2 reveals that the hepatic artery was weakly developed on the 9th postoperative day. Images from the left to right are the

coronal image and two angles of a three-dimensional reconstruction image.

Figure 3. The abdominal drainage tubes with balloons. The internal diameter
and length of the tube was 7.3 mm and 39 cm, respectively.

Recipient 2 was diagnosed with avascular necrosis of the
liver and the following measures were taken: Withdrawal or
reduction of the dosages of the drugs considered to have caused
the liver damage, adjustment of the dosage of the immunosup-
pressive agents, increasing the administration of antibacterial
drugs and initiation of somatostatin and terlipressin to improve
the blood supply to the liver. Thereafter, the clinical symptoms
of recipient 2 improved significantly on the 13th postoperative
day. He experienced a gradual recovery of his liver function
and was then discharged from hospital. As of now, recipient 2
remains in remission and is subjected to regular follow-ups.

Recipient 3 recovered well after the liver transplantation and
his liver function returned to normal on the 3rd postoperative
day. Since his discharge from hospital, the patient has been in
remission and is subjected to regular follow-ups.

Discussion

In the present study, three cases of adult liver transplantation
using pediatric donor livers achieved good clinical results.

Pediatric donor livers have abundant blood vessels, little
connective tissue, incomplete liver parenchyma, strong regen-
erative capacity and are unlikely to develop cirrhosis (20).
Hepatocytes are basically mature at the age of 8 years (6) and
there is still space for postoperative donor liver growth (9).
Increased attention should be paid to the harvesting and
trimming of the donor liver, the choice of recipients and the
prevention and management of postoperative complications.

Regarding the procurement of donor livers, it should be
observed during organ harvesting that the blood vessels and
biliary tract in the livers of the pediatric donors, particularly
those of underweight children, are thin (9,16-18). Therefore,
a modified no. 10 suction tube may be used to achieve better
perfusion instead of using a modified Foley catheter, which
is generally used for adult abdominal aortae. The donor
livers from underweight children are not necessarily mature
and, therefore, the perfusion fluid should be maintained at a
moderate level so to prevent excessive pressure that may cause
liver sinus injury (10). Furthermore, the perfusion amount for
pediatric donors is lower than that for adult donors (9). Care
must be taken to avoid overperfusion while still ensuring
adequate donor perfusion (16). In the present study, during the
harvesting of the donor liver, the perfusion height for the pedi-
atric donor was 10-20 cm lower than that for the adult donor
and the perfusion amount for the pediatric donor was 1/2 to
2/3 of that of the adult donor to reduce perfusion damage to
the donor liver.

During the trimming of the donor livers, the pediatric
donor liver used in adult liver transplantation should be
strictly assessed to avoid small-for-size donor livers (21-24).
The small-sized pediatric liver grafts may easily shift in the
abdominal cavity, causing the blood vessels and biliary tract
to be distorted (21-24). Therefore, during trimming of donor
livers, a part of the sacral ligament may be retained to fix the
donor liver after surgery. As the wall of the inferior vena cava
in the pediatric liver is thinner, the surrounding tissue does
not require to be completely separated (21). Otherwise, blood
oozing may easily occur during and after surgery (21). The
hepatic artery in the pediatric liver is slender and complete
trimming is not required (22). This reduces the prob-
ability of vascular embolism caused by intimal injury during
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manipulation (22,23). Special trimming of the common bile
duct is not generally required, which may be severed directly
at the edge of the pancreas to avoid interruption of the blood
supply (24).

Regarding the choice of recipients, patients with tumors as
the primary disease and those with lower body weights are
considered to be the optimal recipients in adult liver trans-
plantation using pediatric donor livers (11,16-18). Patients who
have had >1 episode of gastrointestinal bleeding, multiple
previous surgeries and/or severe portal hypertension are not
considered ideal candidates for pediatric liver transplanta-
tions (11). In the present study, the body masses of recipients
1,2 and 3 were all under 60 kg and their primary disease was
primary liver cancer. Preoperative liver function was graded
as Child-Pugh A in two cases and Child-Pugh B in one case.
Therefore, the postoperative incidence of SFSS was effec-
tively reduced. In addition, the donor GV/SLV may be used
as a selection criterion to assess the size matching between
the liver graft and the recipient. GV may be measured by CT
or directly by the water displacement method. SLV may be
measured using the following formula: SLV (ml)=706.2x body
surface area (BSA, m?) + 2.4 (25), BSA of pediatric donor
(m*)=0.0061x body height (BH, cm) + 0.0128x body weight
(BW, kg)-0.1529 and BSA of adult recipient (m*)=0.00659x
BH (cm) + 0.0126x BW (kg) -0.1603 (4). The GRWR may be
calculated according to the conversion of weight to volume by
the conversion factor of 1.19 ml/g (26). The currently accepted
standard is that GV/SLV should be >40% (27) and GRWR
should not be <0.8-1% (28). In the present study, the GV/SLV
was 65.14-69.54% and the GRWR was 1.07-1.39%.

Orthotopic or piggyback adult liver transplantations
from pediatric donors may be advantageous (9,16-18). The
choice of orthotopic liver transplantation falls in line with
the physiological requirements of the human body (9,16-18).
Therefore, considering the relatively small size of the pedi-
atric donor liver, the first porta hepatis (portal vein, hepatic
artery and the common bile duct) should be isolated carefully
to preserve the adequate length and the blood supply of the
biliary tract. Since the adult recipient has a larger abdominal
cavity relative to the child donor, orthotopic liver transplanta-
tions are relatively better with respect to fixation of the donor
liver and they impart a lower risk of vascular complications
such as outflow obstruction (9). The use of piggyback liver
transplantations may avoid vena cava stenosis caused by the
differences in the vena cava diameters and reduce the surgical
complications caused by the blood vessel mismatches in the
donor liver (29). During liver trimming, the donor hepatic
artery may be trimmed using vascular loops for anastomosis
in order to solve the mismatch with the caliber of the hepatic
artery (11,21-24). For the anastomosis of the common bile duct
between the donor and recipient, continuous anastomosis of
the posterior wall and intermittent anastomosis of the anterior
wall have been adopted (11). Furthermore, a T-tube may be
placed to guide the drainage if a significant difference exists
in the calibers of the common bile ducts of the donor and the
recipient (30). When entering the blood vessels, controlling
the blood pressure is necessary to reduce damage to the donor
liver (9). In the present study, orthotopic liver transplantation
was performed in two cases as there were no significant differ-
ences in the vena cava calibers between the recipients and
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donors. The ligaments of the donor livers and the abdominal
drainage tubes with balloons placed around the livers were
used in all three cases to fix the liver grafts in the abdominal
cavities (Fig. 3) . This effectively reduced the blood vessel
and biliary tract distortions caused by position changes in the
transplanted livers.

SFESS prevention is key in adult liver transplantations using
pediatric donor livers (31,32). The mechanism underlying
SFSS is that excessive perfusion of the portal vein causes
mechanical injury to the hepatic sinus and portal vein endo-
thelial cells, destruction of the space of Disse, as well as flaky
necrosis of liver tissues (17,33). During liver transplantation in
an adult using a pediatric donor liver, effective control of the
blood flow in the portal vein may significantly reduce the risk
of SFSS in adult recipients (34-37). To reduce postoperative
portal venous pressure, intraoperative ligation of the splenic
artery or splenectomy may be considered and a postopera-
tive intravenous infusion of somatostatin or terlipressin may
also be administered according to the unique situation of the
patient (38-40). In the present study, on the 7th postoperative
day, recipient 2 experienced sudden abdominal distension,
developed a prolongation of the clotting time and exhibited
a sudden and marked rise in the level of transaminase that
peaked on the 9th postoperative day. Postoperative TBIL,
DBIL, ALT and AST levels in recipient 2 were 89.8 ymol/l,
5,698 and 3,705 IU/I, respectively. CT angiography revealed
multiple low-density lesions in the liver and a weakly developed
hepatic artery. Recipient 2 was thus diagnosed with avascular
necrosis of the liver, in line with the manifestations of SFSS.
Somatostatin and terlipressin were administered to improve
the blood supply in the liver. On the 13th postoperative day, the
patient's clinical symptoms improved significantly. The patient
exhibited a gradual improvement in liver function and was then
discharged from hospital. These observations indicate that the
ability of pediatric donor liver cells to regenerate is stronger
than that of adults; transplant liver function and postoperative
growth are issues of concern in adult liver transplantations
using pediatric donors (41). Postoperative administration of
terlipressin effectively alleviates high portal venous pressure,
reduces hepatic blood flow and eases the mechanical damage
to the liver sinuses. The early rise in portal venous pressure
is specifically controlled to avoid dual injury from excessive
perfusion and ischemia-reperfusion (42). This postoperative
treatment provides a novel method for effective prevention
and treatment of SFSS after liver transplantation (42,43).
Terlipressin administration should not be prolonged. Close
monitoring of the patient's vital signs and routine color Doppler
ultrasound of the transplanted liver are necessary to reduce the
incidence of portal vein thrombosis and bradycardia.

The use of immunosuppressive agents is key to prevent
rejection after liver transplantation. Tacrolimus is mainly
metabolized via the cytochrome P450 system in the liver and
small intestine and is then excreted via the biliary tract (44-47).
The use of immunosuppressive agents after liver transplan-
tation in an adult using a pediatric donor liver cannot be
generalized. Considering the smaller size of the donor liver in
case 1, the ability of the donor liver to metabolize the immuno-
suppressive agents was less effective than that of the adult liver
and therefore, the FK506 blood concentration was maintained
at a lower level than the standard value. Combined with the
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results from cases 2 and 3 in the present study and the results
of previous studies (48-50), it was indicated that pediatric
donor livers have higher clearance rates for tacrolimus and
therefore, the dose of tacrolimus for pediatric donors should
be 2-4 times that of adult donors to achieve the same concen-
tration. This is inconsistent with the conclusion obtained in
case 1 of the present study. Therefore, individualization of
tacrolimus dosing is required after liver transplantation in an
adult using a pediatric donor liver (51,52).

Regarding the prevention and treatment of vascular
complications and anticoagulation therapy, vascular compli-
cations associated with liver transplantation in adults using
a pediatric donor liver are mainly triggered by blood vessel
volume mismatches between donors and recipients (10).
Furthermore, high portal perfusion pressures may easily cause
reactive contractions of hepatic arterioles, which reduces
the arterial blood flow and may potentially cause the forma-
tion of a thrombus (9,16-18). Anticoagulant therapy is given
according to blood flow monitoring on color Doppler ultra-
sound and laboratory indicators (8). In the present study, early
postoperative administration of low molecular weight heparin,
warfarin and aspirin anticoagulation was initiated to prevent
hepatic artery thrombosis. The anticoagulant drugs were
adjusted or stopped in accordance with the follow-up results
from 3-6 months postoperatively.

In conclusion, the present study suggested that liver trans-
plantations in adults using pediatric donor livers are feasible.
Systematic donor and recipient assessments, sound surgical
skills and optimal postoperative management are essential for
success in adult liver transplantations using pediatric donor
livers. Adult liver transplantations using pediatric donor livers
can widen the pool of liver donors for adult transplantation and
certainly alleviate the source shortage. Considering the condi-
tion of the donor liver, selection of recipients and appropriate
surgical methods are particularly important for adult liver
transplantations using pediatric donor livers.
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