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ABSTRACT

الهدف: ننشر هنا نتيجة خبرتنا الحديثه  في مجال زراعه الكبد من 
60 عاما()م. ك.( و  متبرع ميت دماغيا كبير في السن )اكبر من 

مقارنتها بالمتبرع الصغير ) اصغر من 60 عاما()م. ص.(.

ملفات  من  مستقبليه  بطريقه  المحفوظة  البيانات  جمعت  الطريقه: 
عام  آخر  و  1997م  عام  أول  بين  ما  المعلومات.  قاعدة  من  و  المرضى 
2004م كان هناك 313 عملية زراعة كبد أدخلت في البحث, منها 

51 )%16( من متبرعين كبار.

النتائج: في هذا البحث )هناك 313 عمليه زراعة كبد( وجد هناك 
  O:51%  نسبه أكبر من المتلقين لكبد من) م. ك. ( يحملون فصيلة دم
فشل  أيضا  و   )p= 0.025( ص.(  )م.  ب  مقارنه   33% مقابل 
p=0.018( 5%(. من ناحية أخرى,   %9.8 مقابل  كبدي حادي: 
لم يوجد أي اختلاف بين مجموعة )م. ك.( و  )م. ص.( من حيث 
مقابل74/262   )31%(  16/51 الأولي:  الضعيف  الكبد  عمل 
فقد  في  أو   6.5% مقابل   6.5% النهائي:  الكبد  أو فشل   )28%(
الكبد كاملا15/51 : )%29( مقابل  62/262  )%24(أو نسبت 
التدهن في الكبد: )%35(14/40 مقابل 82/232 )%36(  أو في 
في  أو   8/262)3%( مقابل   1/51)2%( الكبدي  الشريان  تخثر 
بقاء الكبد على مدى عام: %82 مقابل %87 أو على مدى ثلاثة 
مقابل   75% أعوام  على مدى خمسه  أو   81% مقابل   75% أعوام 
p = 0.27 log rank( 77%( أو في مدى بقاء المتلقي للكبد على 
 79% أعوام:  ثلاثة  مدى  على  أو   89% مقابل   86% عام:  مدى 
 p =( 80% مقابل %83 أو على مدى خمسه أعوام: %79 مقابل

 .)0.336 log rank

و  السن  في  كبير  متبرع  من  كبد  بزراعه  نقوم  أن  لنا  يمكن  خاتمة: 
بنتائج مقبولة تحت ضوابط تشرح في داخل البحث. 

Objective: To examine the effects of cadaveric donor age 
on outcomes following orthotopic liver transplantation 
(OLT). 

Methods: Data were collected on all patients who 
underwent OLT between January 1997 and December 
2004 at the Royal Prince Alfred Hospital, Sydney, New 
South Wales, Australia. During this period, 313 OLTs 
were performed: 51 patients (16%) received older 

donor livers (OD; 60 or more years old), and 262 (84%) 
received younger donor livers (YD; less than 60 years 
old).

Results: In the study group (313 patients), we found 
significantly more recipients of OD liver with blood 
group O:51% versus 33% (p=0.025) and with fulminant 
hepatic failure: 9.8% versus 5% (p=0.018) compared to 
YD recipients. No difference between OD and YD liver 
recipients was found in initial poor graft function: 16/51 
(31%) versus 74/262 (28%), primary non-functioning: 
6.5% versus 6.5%, the overall graft loss: 15/51 (29%) 
versus 62/262 (24%), post-revascularization liver biopsy 
steatosis: 14/40 (35%) versus 82/232 (36%) or hepatic 
artery thrombosis: 1/51 (2%) versus 8/262 (3%). There 
was no difference in graft actuarial survival between 
OD and YD recipients at 1, 3, and 5 years, 82% versus 
87%, 75% versus 81%, and 75% versus 77% (p=0.27 
log rank) or patient actuarial survival, 86% versus 89%, 
79% versus 83%, and 79% versus 80% (p=0.336 log 
rank). 

Conclusion: Orthotopic liver transplantation can be 
achieved with acceptable outcomes using selected livers 
from older deceased donors.
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Donor organs available for transplantation remain 
in short supply relative to demand. In recent years, 

many transplant centers have expanded their selection 
criteria to consider orthotopic liver transplantation 
(OLT) of organs from donors who were previously 
considered marginal. These expanded donor selection 
criteria now may include older donors.1-4 Initial case 
reports of successful OLT from deceased older donors 
(OD), 60 years of age, or older at time of death, have 
challenged the traditional view of donors considered 
marginal due to advanced age, and have encouraged 
wider acceptance. At the Australian National Liver 
Transplant Unit of the Royal Prince Alfred Hospital, 
Camperdown, New South Wales, Australia, we accepted 
the first OD liver for OLT in 1991 as an urgent case. 
Over the years, there has been a gradual increase in the 
number of OD liver transplants at our institution, and 
the age limit has been extended up to 60 years of age.5 
We report here our recent experience with OLT using 
OD livers compared with younger donor (YD, less than 
60 years old) livers, in terms of outcome.

Methods. Between January 1997 and December 
2004, 344 OLT were performed at the Australian 
National Liver Transplant Unit, Royal Prince Alfred 
Hospital, Sydney, New South Wales, Australia. Of those, 
31 had either undergone previous liver transplantation 
or were under the age of 18, and were therefore excluded. 
The remaining 313 cases were primary OLT performed 
on adult recipients from brain-dead cadaveric donors. 
Of these, 51 (16%) were OD livers while 262 (84%) 
were YD livers. All data were retrieved from patient 
charts and hospital electronic databases (prospectively 
maintained).

Donor data. Donor information collected included 
age, gender, and cause of death. The decision for accepting 
a cadaveric organ was based on donor’s demographic 
(for example, weight/height, and blood group), 
clinical (for example, no hemodynamic instability, 
and the presence of functioning organs), biochemical 
parameters of the organ donor (for example, normal 
liver function test, renal function test, electrolyte, and 
viral screening) and anatomical criteria, regardless of 
age. The decision to use the liver was the responsibility 
of the transplanting surgeon. Livers that appear grossly 
normal (more strict evaluation for OD livers) were 
accepted. Pre-implantation biopsy was performed and 
processed before transplantation only when there was 
a suspicion. Acceptable liver steatosis was equal to or 
less than 30%. Organs were retrieved based on the 
usual standard method, involving an in vivo dissection 
prior to aortic rapid cold perfusion with 4-5 liters 
Ross®solution (produced by ORION Laboratories Pty 
Ltd, 25-29 Delawney St, Balcatta Western Australia 
6021) and 2 Liters of UW® (University of Wisconsin) 

solution. An additional arterial and portal venous flush 
was performed on the back table with 2 liters of UW 
solution.6 All authors declare no conflict of interest with 
these products.

Recipient data. Data obtained included recipient 
demographics (age, gender, blood group, indication 
for OLT), causes of graft loss and requirement for 
re-transplantation. Recipient severity status at time of 
OLT was according to the United Network for Organ 
Sharing (UNOS).7 Complete data on postperfusion 
protocol liver biopsies were found in 40 of the OD 
recipients, and 232 of YD recipients. The degree of 
steatosis was objectively categorized by an experienced 
pathologists using the following standardized grades: 
Grade 0, 0-4% macrovesicular steatosis, grade I (mild), 
5-15% macrovesicular steatosis; grade II (moderate), 
16-30% macrovesicular steatosis, and grade III 
(severe), 31-45% macrovesicular steatosis.8 Initial poor 
graft function (IPGF) is defined as serum aspartate 
aminotransferase and/or alanine aminotransferase level 
equal to or more than 1500 U/ mL on 2 consecutive 
measurements within the first 72 hours post transplant. 
Primary non-functioning (PNF) is defined as poor 
function of the allograft leading to death of the recipient 
or retransplantation within 7 days.9 All patients 
were commenced on combined immunosuppression 
according to the local protocols consisting of calcineurin 
inhibitors-based regimen and steroids with or without 
mycophenolate mofetil. Antibiotic and antiviral 
prophylaxis were administered perioperatively and 
modified according to the clinical situation. All patients 
were followed for at least another year. Graft and patient 
survival at 1, 3, and 5 years were calculated.10

Comparisons between OD and YD liver recipients 
were performed using Student’s t-test for independent 
parametric variables, and the chi-square test for 
dichotomous variables. Pair wise comparisons were 
performed using the z-test of relative proportions. 
Patient and graft survival were compared using the log 
rank test. Differences were considered significant at 
p<0.05. Graft and patient actuarial survival curves were 
calculated using the Kaplan-Meier method. All analysis 
were carried out using Statistical Package for Social 
Sciences and Sigmastat.

Results. Donors. In the study period, there was a 
total of 313 OLT performed, 51 with OD livers, and 
262 with YD livers. There were significant differences in 
donor cause of death between the OD and YD groups. 
Within the OD group, the leading cause of death was 
intracerebral hemorrhage (ICH), it accounted for 40 
of 51 OD deaths (78%) versus 127 of 262 YD deaths 
(48%) (p=0.0001). Conversely, motor vehicle accidents 
(MVAs) accounted for none of the OD deaths versus 53 
(20%) of YD deaths (p=0.0001) (Table 1).11,12 
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Table 1 - Donors characteristics.

Variable OD
 (n=51)

YD 
(n=262)

P-value

n (%)

Age (years)

Mean ± SD 66 ± 5 37 ± 14 <0.0001
Range  60 - 78  8 - 59

Gender

Male 30 (59)   161 (61.5)
Female 21 (41)   101 (38.5) 0.755

Cause of death

ICH 40 (78) 127 (48)   0.0001
MVA 0 (0)  53 (20)   0.0001
Cardiac arrest 1 (2)  6 (2) 0.385

Cerebral tumor 0 (0)     4 (1.5) 0.421

Other head 
injury

3 (6)  36 (14) 0.109

Other 7 (14) 23 (9) 0.092

Suicide 0 (0) 12 (5) 0.080

Tumor 0 (0)      1 (0.5) 0.598
ICH - intra cranial hemorrhage, MVA - motor vehicle accident, 

OD - older donor, YD - younger donor

Table 2 - Recipients Data.

Variables OD 
(n=51)

YD 
(n=262)

P-value

n (%)

Age (years) 0.082

Mean ± SD  51 ± 9.9 49 ± 10.5
Range 18 - 69 18 - 68

Gender 0.062
Male 31 (61) 194 (74)
Female 20 (39)   68 (26)

Blood groups 0.003
O 26 (51)   87 (33) 0.025

A 19 (37) 120 (46) 0.180

B   4   (8)   44 (17) 0.725

AB   2   (4)   11   (4) 0.548
UNOS Severity Status 0.518

Status 4 (urgent)         4   (8)   10   (4) 0.258
Status 3 (hospitalized)          5 (10)   28 (11) 0.197
Status 2 (frequent 
hospitalization)

      16 (31)   71 (27) 0.095

Status 1 (outpatient)       26 (51) 153 (58) 0.258
Types of transplant 0.243
Whole organ       50 (98) 239 (91) 0.429
Split liver         1   (2)   23   (9) 0.318

Indications for OLT 0.018
CAH       16 (31.4)   97 (37) 0.587
Alcoholic cirrhosis       10 (19.6)   30 (11.5) 0.254
CC         5   (9.8)     6   (2.3) 0.024
HCC        6 (11.8)   30 (11.5) 0.584
Metabolic        1   (2)   23   (8.8) 0.659
FHF        5   (9.8)   13   (5) 0.243
PBC        4   (7.8)   12   (4.6) 0.367
PSC        1   (2)   31 (11.8) 0.550
BA        1   (2)     2   (0.7) 0.487
Other        2   (3.8)   18   (6.8) 0.684

CAH - chronic active hepatitis, HCC - hepatocelluar carcinoma, 
CC - cryptogenic cirrhosis, FHF - fulminant hepatic failure, PBC - primary 
biliary cirrhosis, PSC - primary schlerosing cholongitis, BA - biliary atresia, 

OLT - orthotopic liver transplantation, UNOS - United Network for 
Organ Sharing , OD - older donor, 

YD - younger donor

Recipient data. The distribution among OD versus 
YD recipients of age, gender, blood group, UNOS 
Severity Status, and indications for transplantation are 
summarized in Table 2. No significant differences were 
seen in the recipient’s mean age at time of transplant 
between the OD (51 ± 9.9 years) and YD (49 ± 10.5 years) 
groups (p=0.082). All OD liver recipients except one, 
underwent whole-liver transplantation to avoid the 
confounding factor of split-liver transplantation in the 
face of a potentially marginal older organ. A significant 
number of OD liver recipients had blood group O, 
51% versus 33% compared to YD group (p=0.025). 
Although there were more patients in status 4 in the 
OD group compared to YD group (8% versus 4%), 
the difference was not significant (p=0.258), however, 
more patients with fulminant hepatic failure (FHF), 5 
(9.8%) received liver from OD versus 13 (5%) from YD 
(p=0.018). Nevertheless, chronic active hepatitis (CAH) 
remains the most common indication for OLT in both 
groups. The distribution of OD and YD recipients by 
steatosis grade (post-revascularization liver biopsy) is 
presented in Table 3. Analysis of the relative distribution 
by steatosis grade of OD versus YD recipients revealed 
no significant overall difference (p=0.855). Similarly, 
comparisons between OD versus YD recipients for 
each steatosis grade revealed no significant differences. 
Likewise, comparison of the incidence of IPGF among 
OD versus YD recipients (31.4% versus 28.2%) revealed 

no significant difference (p=0.778). There was one case 
(6.5%) of PNF in the OD group versus 3 (6.5%) in 
the YD group, while the overall graft loss was seen in 
15/51 (29%) versus 62/262 (24%). Re-transplant was 
required in 2 of the OD recipients versus 7 of the YD 
recipients (Table 4). It was undoubtedly, a comparable 
graft actuarial survival in OD and YD recipients at 1, 
3, and 5 years, 82% versus 87%, 75% versus 81% and 
75% versus 77% (p=0.27 log rank) (Figure 1). The 
most common cause of graft loss was patient death in 
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both groups. Hepatic artery thrombosis (HAT) was 
blamed for 1/51 (2%) of OD group graft loss versus 
8/262 (3%) of YD group (Table 4). In the study period, 
the total death in the OD group was 11/51 (21%) 
mostly due to sepsis in 4/11 (37%). While in the YD 
group there were 54/262 (20.6%) deaths mainly due 
to graft failure in 15/54 (27%) (Table 5). Clearly, there 
was no significant difference in patient actuarial survival 
between OD and YD groups at 1, 3, and 5 years, 86% 
versus 89%, 79% versus 83%, and 79% versus 80% 
(p=0.336 log rank) (Figure 1).

Discussion. Adopting new strategies to increase 
the donor pool includes live donors, split livers, or 
livers from marginal donors, for example, older donor, 
deceased cardiac donor, liver with steatosis, HCV 
positive donor, and so forth, are ways of expanding the 
donor criteria.13 Enthusiasm for using OD livers stems 
from the initial reported successes in mostly urgent 

Table 3 - Steatosis and initial poor graft function.

Variable OD 
(n= 40)

YD 
(n=232)

P-value

n (%)

Steatosis 0.855
Grade 0 (None) 26 (65) 150 (64) 0.542
Grade I (Mild) 11                 (27)   55 (24) 0.921
Grade II (Moderate)   2   (5)   16   (7) 0.584
Grade III (Severe)   1   (3)   11   (5) 0.498
No data 11/51 (23) 31/262 (12)

IPGF 16/51 (31) 74/262 (28) 0.400

IPGF - Initial Poor Graft Function, OD - older donor, 
YD - younger donor

Table 4 - Graft failure and retransplant.

Variable OD
(n= 51)

YD
(n=262)

P-value

n (%)

Graft failure (total) 15 (29) 62 (24) 0.602
Patient death 11 (74) 31 (50) 0.548
Recurrent   1   (6.5)   8 (13) 0.439
HAT   1   (6.5)   8 (13) 0.429
Recurrent HCC   0   (0)   6   (9.5) 0.721
PNF   1    (6.5)   4   (6.5) 0.244
Chronic rejection   1   (6.5)   2   (3) 0.389
Others   3   (5) 0.722

Indications for retrasplant 0.852
PNF   1   3 0.794
HAT   1   3 0.804
Chronic rejection   0   1 0.981
PNF - primary non-functioning, HAT - hepatic artery thrombosis, 

HCC -hepatocelluar carcinoma, OD - older donor, YD - younger donor 

Table 5 - Cause of recipient death.

Variable
OD YD P-value

n (%)
Cause of recipient death 11 54 0.767
  Graft failure  3 (27) 15 (27) 0.822

  Sepsis  4 (37) 12 (22.5) 0.921
  Malignancy developed 
  de novo OLT

 2 (18)   4   (7.5) 0.789

  Recurrent HCC  0   (0)   6 (11) 0.994

  Cardiovascular  0   (0)   5   (9) 0.998
  Operative: Hemorrhage  0   (0)   2   (4) 0.980
  Respiratory complication  0   (0)   2   (4) 0.910

  Cerebrovascular  0   (0)   1   (2) 0.879
  GI hemorrhage  0   (0)   1   (2) 0.892

  Other  2 (18)   6 (11) 0.587
GI - gastrointestinal, OLT - orthotopic liver transplant

Figure 1 - a) Graft survival (upper panel) and b) patient 
survival (lower panel) for all recipients in the older and 
younger donor groups.

a

b
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transplants.2-4 Over the years, the acceptable donor 
age has been pushed upwards from age 50 to age 60, 
and even to age 80 by some centers.2-4,14-17 The unique 
ability of the hepatocytes to regenerate and preserve its 
functional capacity may translate into an organ that is 
effectively younger than the actual age of the donor. 
Although several reports warned against an increased 
incident of HAT in older donors,18 the impact probably 
diminished due to the unique dual blood supply to the 
liver, that exceeds the liver metabolic requirements. 
Furthermore, some investigators suggest that the liver 
vessels are less affected by atherosclerosis, especially 
the parenchymal part, which could be attributed to it’s 
low blood flow pressure, but still the extrahepatic part 
needs to be inspected.19 Likewise, bile ducts can also be 
affected by aging, which needs to be evaluated in the 
outcome of any transplant study using OD livers.2,20,21 
On the other hand, data concerning the safety, and 
long-term reliability of extreme OD livers, such as those 
from donors above the age of 80, are lacking.12,22 Feng 
et al11 showed in a recent multivariant analysis that the 
affect of age becomes evident only when the donor age 
is greater than 40, and particularly so over 60 years of 
age. Cuende et al23 also reported a significant relative 
risk of 1.27 on graft survival when donor age is 50-69 
years, and a relative risk of 1.4 for 70 years of age.

In this study, ICH was more common in the OD 
recipient group (78%), while MVA was the most 
common cause of death in the YD recipient group 
(Table 1). All but one OD livers were transplanted 
whole to optimize functional capacity, the one exception 
was a split liver, where the right lobe was successfully 
transplanted at our Unit. Likewise, low-grade steatosis 
in OD livers reflects our strict selection criteria, which is 
also reflected in the low incidence of IPGF.24 

It is clearly shown in this study that graft survival 
does not differ significantly between the 2 groups for 
up to 5 years follow up. Patient death was the most 
common cause of graft loss in both groups. The HAT 
was responsible for one graft loss in the OD group 
(which was successfully retransplanted) compared to 
8 in the YD group.25 Likewise, patient survival was 
comparable in both groups. Sepsis was the main cause of 
death in the OD recipient group, while graft failure was 
the leading cause of death in the YD recipient group.

In our Unit, we try to avoid transplanting HCV-
positive recipients with an OD liver. The rationale for 
this stems from the notorious association between donor 
age, and the severity of recurrent hepatitis C after OLT, as 
suggested previously by some authors.26-30 Nevertheless, 
this strategy is challenged by pressing situations such as 
the presence of HCC, which ultimately prioritizes the 
patient for transplant to avoid exempt by the Milan’s 
criteria. Likewise, advanced stage of liver failure or rare 
blood groups are other scenarios that press for accepting 

marginal livers.31 The cut-off points at which donor age 
impacts a risk on severe HCV recurrence has not been 
clearly defined. In this study, we did not focus specifically 
on this group. The outcome of OD transplantation in 
HCV positive recipients merits further study. Organ 
viability criteria include biochemical, morphological, 
and functional parameters that must be fulfilled by 
prospective donor organs. These criteria attempt to 
ensure that transplanted organs function after extraction, 
transformation, implantation, and reperfusion without 
transmission of infection or tumor. In recent years, the 
gross and microscopic appearance has become one of the 
fundamental criteria for selection of potentially viable 
organs. At present, there is no age limit for hepatic and 
renal donation, the principal contraindication is chronic 
organ damage. Currently, the only absolute exclusion 
criteria are HIV infection, uncontrolled tumor, and 
bacterial or viral infections. The use of each organ 
must be decided on an individual basis, after a detailed 
analysis of all the viability criteria, and careful weighing 
of the advantages and disadvantages of the proposed 
organ for the recipient.32

In conclusion, acceptable outcomes can be achieved 
in OLT using selected livers from older deceased 
donors. The presences of HCC, guarded clinical status, 
or rare blood groups are some of the many factors that 
influence the decision to use organs from older donors.

Acknowledgment. I would like to acknowledge the work 
carried out by our data manager Mr. Patrick Tang and Mrs. Pamela 
Dilworth.
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