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Abstract
Background: Recent advances in immunosuppressive therapy

have led to a substantial improvement in the outcome of kidney
transplantation. Living unrelated donors may become a source of
additional organs for patients on the kidney waiting list.

Objectives: To study the impact of the combination of calcineurin
inhibitors and mycophenolate-mofetile, together with steroids, on
outcomes of living related and unrelated transplants.

Methods: Between September 1997 and January 2000, 129
patients underwent living related (n=80) or unrelated (n=49) kidney
transplant. The mean follow-up was 28.2 months. Immunosuppressive
protocols consisted of MMF with cyclosporine (41%) or tacrolimus
(59%), plus steroids. Patient and graft survival data, rejection rate, and
graft functional parameters were compared between the groups.

Results: LUD recipients were older (47.8 vs. 33.6 years) with a
higher number of re-transplants (24.5% vs. 11.2% in LRD recipients, P
< 0.05). Human leukocyte antigen matching was higher in LRD
recipients (P< 0.001). Acute rejection developed in 28.6% of LUD and
27.5% of LRD transplants (P = NS). Creatinine levels at 1, 2 and 3
years post-transplant were 1.6, 1.7 and 1.7 mg/dl for LRD patients and
1.5, 1.5 and 1.3 mg/dl for LUD recipients (P = NS). There was no
difference in patient survival rates between the groups. One, 2 and 3
year graft survival rates were similar in LRD (91.3%, 90% and 87.5%)
and LUD (89.8%, 87.8% and 87.8%) recipients.

Conclusions: Despite HLA disparity, rejection and survival rates
of living unrelated transplants under current immunosuppressive
protocols are comparable to those of living related transplants.
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Advances in immunosuppressive therapy during the last two

decades have led to substantial improvements in the outcome of

kidney transplantation. Unfortunately, with the growing number of

transplant candidates and an unchanged supply of cadaver kidneys,

there is a severe organ shortage and an extended waiting time for

transplant [1]. In Israel, the number of cadaver transplants

performed (approximately 100/year) are far below the number of

patients on the waiting list (594 patients) [2]. Furthermore, it has

been estimated that even under the most efficient system of organ

retrieval, the pool of cadaver donors may never be sufficient to

satisfy the growing demand [3]. Several solutions to this problem

have been suggested, including expansion of the organ pool by use

of kidneys from `̀marginal'' donors, transplantation of kidneys

donated by living unrelated donors, and use of kidneys from non-

heart-beating donors [4,5]. Although all of these approaches have

been applied, none has yet successfully narrowed the gap between

supply and demand of kidneys for transplant.

Living unrelated transplantation was pursued in several centers

worldwide with excellent long-term results, equaling those of one-

haplotype-matched living related transplantation and superior to

the results of cadaver transplantation [6±14]. Although these

studies analyzed long-term graft and patient survivals, only a few

addressed other transplant-associated parameters like immediate

graft function, frequency and severity of acute rejections, etc. We

report here on our 3 year, single-center experience with 129 living

kidney transplants. Early postoperative functional parameters,

frequency and severity of acute rejections, and graft and patient

survival data were analyzed with an emphasis on the comparison of

living related and unrelated kidney transplantation

Patients and Methods

Between September 1997 and January 2000, 129 living kidney

transplants were performed at the transplant department of Rabin

Medical Center. Of these, 80 recipients (62%) were transplants using

grafts from living related donors and 49 (38%) from a genetically

unrelated donor. The LRDs were parents (55%), siblings (36%),

offspring (6%), and distant relatives (3%). The majority of unrelated

donors were spouses (51%) or friends (37%); crossover transplants

were done between the spouses of two couples, and another two

were altruistic donations. Altogether, 108 recipients (84%) received

a first kidney graft and 21 (16.3%) underwent re-transplant of a

second graft, 18 (14%) a third, 2 (1.5%) a fourth, and 1 (0.8%) a fifth

graft.

Living unrelated donation was considered if a suitable

genetically related donor was not available. According to the

regulations of the Israel Transplant Organization, potential living
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MMF = mycophenolate-mofetile

LUD = living unrelated donor

LRD = living related donor

HLA = human leukocyte antigen
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donations were approved by the hospital ethics committee as well

as by the national transplant organization. In unrelated transplants,

in addition to the regular procedure, a Ministry of Health ethics

committee approved donation after verifying that the donation act

was voluntary and uncompensated.

All transplants were ABO-compatible with a negative cross-

match. Donor-specific blood transfusions were never used prior to

transplantation. Standard triple immunosuppressive protocols with

cyclosporine-neoral or tacrolimus, mycophenolate mofetil and

prednisone were employed. Immunosuppressive doses were

adjusted to achieve CyA trough whole blood levels of 200±300 ng/

ml (Abbott TDx assay) and tacrolimus trough levels of 10±15 pg/ml

(Abbott Tacrolimus, MEIA assay). Overall, 41% of recipients received

a CyA-based immunosuppressive regimen and 59% were on a

tacrolimus-based protocol. The proportion of patients on each

regimen was similar between the living related and unrelated

groups [Table 1].

Acute rejection was diagnosed clinically and was confirmed by a

fine needle aspiration and/or a core biopsy scored according to the

Banff criteria [15]. Rejection episodes were treated with a bolus of

500 mg methylprednisolone per day for 3 days. Patients with

steroid-resistant rejections were given polyclonal antibodies (ATG)

or monoclonal anti-T cell antibodies (OKT3) if they did not respond

to the first few doses of ATG. Clinical severity of rejection was

classified as mild (requiring only steroid bolus), moderate (requir-

ing ATG), or severe (requiring OKT3). Patients were followed for a

mean of 28.2 months (range 12±51). The following parameters were

compared between the two groups: rejection rate and severity, rate

of post-transplant acute tubular necrosis, serum creatinine levels at

different post-transplant intervals (7 and 30 postoperative days and

6, 12, 24 and 36 months) and graft and patient survivals.

Statistical analysis

Continuous variables were compared using Student's t-test.

Parametric variables were analyzed by chi-square or Fisher's exact

tests. The Cox proportional hazards model was used for the whole

patient cohort to define the risk factors for patient death and graft

loss (including by death). Patient and graft survivals were calculated

using the Kaplan-Mayer method. Survival was compared between

groups using the log-rank test. Statistical analysis was performed

with the SAS software for Windows, version 6.12 (Cary, NC, USA).

Results

Donor and recipient characteristics for the two groups are

presented in Table 1. The mean donor ages were 47.6 + 12 and

44.3 + 11.3 years in the LRD and LUD groups, respectively (not

significant). The mean recipient age in the LUD group (47.8 + 12

years) was significantly higher than in the LRD group (33.6 + 15

years, P < 0.001). More patients in the LUD group were diabetic

(14.2% vs. 5%, P = NS) and recipients of a re-transplant (25% vs.

11.2%, P < 0.05). Similar proportions of patients in both groups

were on dialysis at the time of transplant. Living related and

unrelated groups differed significantly in the number of HLA

mismatches (2.4 vs. 4.1 respectively, P < 0.001).

Post-transplant, the incidence of delayed graft function was not

different between the groups. The incidence of biopsy-proven acute

rejection was 27.5% in the LRD group and 28.6% in the LUD group

(P = NS). Of these, 12.5% and 20.4% were steroid-resistant

rejections in the LRD and LUD groups, respectively (P = NS).

Patients in the LUD group tended to require more aggressive

treatment for steroid-resistant rejection, although there was no

statistical difference in severity of rejection between the groups.

Four patients (18.3%) in the LRD and three (21.4%) in the LUD

groups required OKT3 treatment for severe rejection. The mean

serum creatinine levels at various intervals post-transplant were not

different between the groups [Figure 1]. Creatinine levels at 1, 2 and

3 years post-transplant were 1.63 + 0.4, 1.73 + 0.7 and 1.7 + 0.3

mg/dl for LRD, and 1.48+ 0 .3, 1.48+ 0.4 and 1.32+ 0.5 mg/dl for

LUD recipients, respectively (P = NS).

Nine patients died: 5 (6.3%) from the LRD group and 4 (8.2%)

from the LUD group (P = NS). Causes of death were myocardial

infarction in three recipients and sepsis in six. The patients died on

the fourth and fifth POD, 7.5, 9 months; and 0.5, 8, 9, 24 and 39

months post-transplant in the LUD and LRD groups, respectively.

Overall 1, 2 and 3 year patient survival was 94.6%, 93.8% and 93%,

respectively. There was no difference in patient survival rates

between the LRD (96.3%, 95% and 93.8%) and LUD (91.8%, 91.8%
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Table 1. Demographic and clinical data of patients from living-related and living-

unrelated donors

Living related

donor (%)

Living unrelated

donor (%)

Patients (n)

Recipient gender

Male

Female

Mean age (+SD)

Donor

Recipient

Diabetes mellitus

Pre-transplant dialysis

Transplantation

Primary

Re-transplant

Mean no. of mismatches

Immunosuppression

CyA-MMF-steroids

Tacrolimus-MMF-steroids

No of acute rejections

0

1

2

Rejection severity

Mild

Moderate

Severe

80 (62)

57 (71.2)

23 (28.8)

47.612

33.6+15*

4 (5)

73 (91)

71 (88.8)

9 (11.2)**

2.39+1.4*

32 (40)

48 (60)

58 (72.5)

18 (22.5)

4 (5)

12 (54.5)

6 (27.3)

4 (18.2)

49 (38)

37 (75.5)

12 (24.5)

44.3+11.3

47.8+12

7 (14.2)

47 (96)

37 (75)

12 (24.5)

4.12+1.3

21 (42)

28 (57.5)

35 (71.4)

12 (24.5)

2 (4.1)

4 (28.6)

7 (50)

3 (21.4)

* P < 0.001.

** P < 0.05.

CyA = cyclosporine-neoral

POD = postoperative day

623IMAJ . Vol 5 . September 2003 Kidney Transplantation from Living Donors



and 91.8%) recipients [Figure 2]. Seven patients lost their grafts and

returned to dialysis: 5 (6.3%) in the LRD and 2 (4.1%) in the LUD

groups. The reasons for graft loss were: vascular thrombosis on the

first POD and chronic rejection in the 19th post-transplant month in

the LUD group; vascular thrombosis (n=3, on 1±2 PODs), acute

rejection (8th POD), and chronic rejection (32th month post-

transplant) in the LRD group. The overall 1, 2 and 3 year graft

survivals were 90.7%, 89.1% and 87.6%, respectively. The graft

survival rates did not differ in the LRD (91.3%, 90% and 87.5%) and

LUD (89.8%, 87.8% and 87.8%) recipients [Figure 3].

In the Cox-hazard regression model including all patients, the

factors associated with patient death were: increasing age of the

recipient (odds ratio 1.1, P = 0.0012) and re-transplantation (OR 9.7,

P = 0.0073). Similarly, graft survival was negatively affected by

recipient age (OR 1.1, P = 0.042) and re-transplantation (OR 9.6, P =

0.0035).

Discussion

Unrelated kidney transplantation was first undertaken in the early

1960s when dialysis therapy was not routinely available [16]. The

donors, spouses or in-laws were emotionally related to the

recipients. In that era, although survival rates after living unrelated

and cadaver kidney transplants were similar, they were still far

below survival rates following living related transplantation [17].

During the subsequent 20 years, most transplant centers aban-

doned living unrelated transplantation due to ethical issues of

unrelated donation and the increasing availability of dialysis

therapy. Theoretically, because of the stable health of the donor

and the short ischemic time, living unrelated transplant should be

advantageous over the cadaver transplant. It is possible that the

inefficient immunosuppression was probably the main explanation

for the poor results in the initial experience with living unrelated

transplantation and, indeed, in more recent reports the results are

not different from those of living related transplantation [18±20]. In

1996, the United Network for Organ Sharing Scientific Renal

Transplant Registry reported that 1 year survival rates of grafts

from 1-haplotype-matched siblings and unrelated donors were

identical (92%), and better than those of cadaver kidney transplants

(84%). Similarly, at 3 years, graft survival rates of spousal (85%) and

other unrelated (81%) transplants were in the range of 1-haplotype-

matched living donor transplants (82%) and significantly higher

than the results of cadaver transplants (70%) [7].

The advantage of living unrelated over cadaver kidney trans-

plantation is maintained over the long term. In a series from the

Washington University School of Medicine, the 5 year graft survival

rate of living unrelated transplants was 85.9% compared to 70.7% in

the cadaver donor group [8]. In a report from the University of

Wisconsin, there was no difference in 10 year graft survival between

haploidentical related (59%) and unrelated (56%) living transplants

[9]. Similarly, a recent study from the University of California shows

that long-term survival and graft half-lives of living unrelated

transplants are comparable to those of parent donor grafts and

significantly better than the cadaver grafts [12].

In our series we also noted similar graft and patient survivals

after living related and unrelated transplantation in the short and

mid-term. But, as important, we showed also that despite a higher

immunologic risk, as evident by significant HLA-mismatching and

higher proportion of patients undergoing retransplantation in the

living unrelated group, the incidence and severity of acute

rejections were similar in both groups. We also noted similar

immediate and late graft function in recipients of the two groups, a

finding that might predict similar long-term outcome. Our results,

along with recent reports from other centers may suggest that in the
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Figure 1. Mean serum creatinine levels after kidney transplantation.

Figure 2. Kaplan-Meier curves for patient survival.

Figure 3. Kaplan-Meier curves for graft survival.

OR = odds ratio
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present era, unlike in the cadaver transplant setting, genetic

disparity may not play such an important role impacting outcome in

living donor transplantation. The short cold-ischemia in the living

donor transplant setting along with potent immunosuppressive

regimens may mask the disadvantage of HLA-mismatching,

although studies with a longer follow-up and a larger patient

cohort are needed to confirm this statement.

An important barrier to widespread implementation of living

unrelated transplantation is the ethical issue [21]. In a survey of

professionals from different U.S. transplant centers, 90% theoreti-

cally supported the use of spouses and 60% the use of friends as

donors [22]. In Israel, living unrelated transplantation was legally

approved in 1996 and any transplant has to be authorized by a

Ministry of Health ethics committee following a psychosocial

evaluation performed by professionals outside the hospital. Never-

theless, even under the strictest law, it is hard to guarantee that all

unrelated donations are truly altruistic acts. On the other hand,

because of the limited organ supply there is a worldwide growth in

the number of commercial transplants and a shift in society towards

accepting organs as a commodity that can be paid for [23]. Based

on medical suitability of unrelated donation and in order to avoid

further commercialization of kidney transplantation, it is suggested

that lawyers, medical professionals and ethicists act soon to

regulate unrelated compensated transplantation [24].

In conclusion, our study has shown that under current

immunosuppressive protocols, kidney transplantation from living

unrelated donors can achieve results as good as those of living

related transplantation. In light of the increasing organ shortage,

this donor pool should be more widely used under careful and strict

guidelines, while at the same time preventing the growth of illegal

organ trade.
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Love does not consist in gazing at each other but in looking together in the
same direction

Antoine de Saint-ExupeÂry (1900-1944), French aviator and author, best known for his allegory The Little Prince.

He disappeared on a mission over occupied France in World War II.
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