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Introduction

Abstract

We hypothesized that predictors of outcome in live donor transplants were
likely to differ significantly from deceased donor transplants, in which cold
ischaemia time, cause of donor death and other donor factors are the most
important predictors. The primary aim was to explore the independent predic-
tors of graft function in recipients of live donor kidneys (LDK). Our secondary
aim was to determine which donor characteristics are the most useful predic-
tors. A retrospective analysis was undertaken of all patients receiving live donor
(n = 206) renal transplants at our institution between 31 May 1994 and 15
October 2002. Twelve patients were excluded from the analysis. Follow-up was
completed on all patients until graft loss, death or 22 November 2003. We
explored predictors of Nankivell glomerular filtration rate (GFR) at 6 months
by multivariate linear regression. In the 194 patients studied, the mean recipi-
ent 6-month Nankivell GFR was 59 + 15 ml/min/1.73 m®. Independent predic-
tors of recipient GFR in at 6 months were donor Cockcroft-Gault GFR (CrCl;
B 0.16; CI 0.13 to 0.29; P < 0.0001), steroid resistant rejection (B-6.07; CI
—12.05 to —0.09; P = 0.006) and delayed graft function (DGF) (B-10.0; CI
—19.52 to —0.49; P = 0.039). Renal function in an LDK transplant recipients is
predicted by donor GFR, episodes of steroid resistant rejection and DGF.
Importantly, donor Cockcroft-Gault GFR is the most important characteristic
for predicting the recipient renal function.

recipient and immunological factors. However, many of
the donor factors that have been characterized as predic-

The spotlight in renal transplantation is increasingly shift-
ing from the end-point of early rejection and graft loss to
the level of renal function and long-term graft survival.
Live donors as a proportion of all donors are increasing
and now provide 40% of kidneys for transplantation in
Australia [1]. Thus, the factors that predict outcomes of
live donor kidney (LDK) transplants are also becoming
increasingly relevant. Factors which affect graft outcomes
in renal allograft recipients can be categorized into donor,

tors of graft outcomes relate to factors such as cold isch-
aemia time and cause of donor death, which are not
relevant to recipients of LDKs.

Predictors of graft outcomes in recipients of live donor
transplants are not as well described as they have been in
the recipients of deceased donor renal transplants. Matas
et al. [2] have reported that whereas both immunologic
and nonimmunologic factors are important in determin-
ing the outcome of deceased donor renal transplantation,
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immunologic factors were of pre-eminent importance in
live-donor transplants. However, despite the obvious abil-
ity to explore donor characteristics in detail in recipients
of LDK transplants, there is a paucity of published infor-
mation in this area.

There have been a number of studies reporting that
renal function in the first year of transplantation is an
important factor influencing long-term survival [3]. This
single centre study examined predictors of renal function
at 6 months (both immunological and nonimmunologi-
cal) in recipients of LDK transplants and explored which
donor characteristics are the most useful in predicting the
post-transplant graft function.

Materials and methods

Study population

A retrospective analysis was undertaken of all patients
who underwent live-donor kidney transplantation at a
single centre, Princess Alexandra Hospital, during the
8-year period between 31st May 1994 and 15th October
2002. During this period, 206 live donor transplants were
performed. There were 12 donors of pathological kidneys,
mostly which had undergone removal by wedge resection
of a small (<1 cm) tumour. The data on these patients
are included in the tables describing the live donor trans-
plant population, but excluded from the univariate and
multivariate analyses described. Thus, the analyses of pre-
dictors of renal function at 6 months relate to the
remaining 194 patients. Follow-up was completed on all
patients until graft loss, death or 22nd November 2003.
For each recipient and corresponding live donor, demo-
graphic data, immunological details, operative data, post-
operative  complications, = medical  complications,
admission histories, medication dosages and renal func-
tion were prospectively recorded on a computerized inte-
grated renal database. Patients were considered to be
highly sensitized if their peak panel-reactive lymphocyto-
toxic antibody (PRA) titre exceeded 50%. Delayed graft
function (DGF) was defined as the need for dialysis post-
renal transplantation. Acute rejection was recorded if pro-
ven by biopsy and classified according to the Banff 1997
criteria [4]. Renal biopsies were performed if there was a
significant (210%) rise in serum creatinine concentration.

Immunosuppressive regimens

Standard initial immunosuppression for live donor recipi-
ents consisted of cyclosporin (2.5 mg/kg body weight
twice daily together with diltiazem slow release 180-
240 mg daily), prednisolone (0.3 mg/kg daily) and either
azathioprine (2 mg/kg daily; prior to 1997) or mycophe-
nolate mofetil (MMF; 1 g b.i.d.; 1997 onwards). Between
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1998 and 2002, 9% of patients received tacrolimus
(in place of cyclosporin) and 6% received sirolimus or
everolimus (in place of mycophenolate) as a result of
their participation in clinical research trials and were
included in the analysis. Until mid-2001, cyclosporin dos-
ages were titrated to achieve trough blood concentrations
of 180-200 ng/ml as measured by high-performance
liquid chromatography (HPLC) in the early post-trans-
plant period and reduced to achieve levels of 100-150 ng/
ml after 12 months. From 2001 onwards, we utilized
cyclosporin 2-h (C2) peak levels in the first month
aiming for levels of 1200-1500 ng/ml (HPLC), converting
to trough blood concentrations after the first month as
described above. Prednisolone dosage was decreased after
1 month at a rate of 1 mg every week, until a dose of
10 mg daily was attained. Thereafter, dosages were
reduced further depending on the presence or absence of
previous rejection episodes and steroid side effects (such
as diabetes mellitus, infection and osteopenia), usually to
a maintenance dose of 5 mg daily. Dosages of azathiop-
rine and MMF were also reduced to maintenance doses at
12 months of 1.5 mg/kg body weight and 500 mg b.i.d.,
respectively. Antithymocyte globulin (ATG) was adminis-
tered for the first 5-10-day post-transplant to patients
who were considered to be at high immunological risk,
with a peak PRA of >20% (n = 12). Interleukin-2-recep-
tor antagonists were used also from mid-2001 in all recip-
ients of LDK transplants except human leucocyte antigen
(HLA)-identical donor-recipient pairs.

The first-line treatment of acute rejection was usually
three consecutive daily 1000-mg doses of iv. methyl-
prednisolone, whilst orthoclone OKT3 (muronomab-
CD3; 5 mg daily for 7-10 days) was reserved for cases of
steroid-refractory or severe vascular rejection (13% of
patients). Patients receiving cyclosporin were converted to
tacrolimus following their first rejection event.

Assessment of live donors and donor surgical approach

Potential live donors were assessed by a multi-disciplinary
assessment team, independently of the nephrologist caring
for the proposed recipient. The work-up consisted of a
detailed history and physical examination, psychiatric
review, as well as biochemical, haematological and cardiac
testing. Patients over 50 years of age or with risk factors
for coronary artery disease underwent cardiac stress test-
ing. All smokers were required to have stopped for at
least 4 weeks prior to surgery. An estimation of donor
glomerular filtration rate (GFR) was assessed in all
patients by the formula of Cockcroft and Gault (GFRc . g)
and by chromium-EDTA clearance (GFRcrpra) where
possible. Donor kidneys and blood vessels were imaged
by high-resolution computed tomography angiography.
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Patients were excluded from donation if they had a creat-
inine clearance <80 ml/min/1.73 m?, proteinuria over
150 mg/day, impaired glucose tolerance, a strong family
history of type 2 diabetes mellitus, hypertension that was
not easily controlled with a single antihypertensive agent
or any systemic condition that was felt to unreasonably
increase the risk of either the donation operation or of
long-term renal impairment.

From January 2000, patients were offered either laparo-
scopic or open donor nephrectomy. Prior to this, all
donor procedures were undertaken as open operations.
These involved an extraperitoneal approach via a flank
incision. Laparoscopic donor operations were via a trans-
peritoneal approach using three or four upper abdominal
ports with CO, pneumoperitoneum maintained at
12 mmHg. After mobilization, the kidney was retrieved
via a small Pfannenstiel incision. Diuresis was maintained
in donors via vigorous i.v. hydration without administra-
tion of diuretics or mannitol. Heparin was not given to
donors. After removal, kidneys were flushed with Collins
preservation solution containing 10 000 U of heparin per
litre. Donor and recipient procedures were performed
simultaneously in adjacent-operating theatres with cold
ischaemia times usually <1 h. The type of operation
(open or laparoscopic) was based on patient choice fol-
lowing an intensive informed consent process, which
included all available information from published litera-
ture, unit experience and specific risks associated or pos-
sibly associated with both (laparoscopic versus open
nephrectomy).

Assessment of recipient renal allograft function:
outcome factor

For this analysis, the creatinine clearance of the recipient’s
kidney was the main outcome variable. This was calcula-
ted by using the Nankivell method [5], yielding a creati-
nine clearance corrected for body surface area (BSA) (i.e.
per 1.73 m?).

Donor, recipient and immunological factors

We explored donor, recipient and immunological factors
as predictors of renal function at 6-month post-trans-
plant. Donor characteristics included age, gender, rela-
tionship to recipient, body mass index (BMI), BSA, body
weight, donor height, donor creatinine clearance, change
in creatinine clearance in the donor postprocedure and
type of donor surgical procedure (laparoscopic versus
open nephrectomy).

For the purpose of the primary analysis, donor GFR
was estimated by the Cockcroft-Gault formula (GFRc.g).
However, we did not perform a correction to adjust for
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BSA as for this analysis we thought it more useful to look
at creatinine clearance without this adjustment. Although
GFR(gpra is a better validated estimator of donor GFR,
it was not used in the primary analysis as the results were
only available in 147 patients. The postdonation creati-
nine clearance was derived by using a serum creatinine
concentration 1-month postdonation from which change
in creatinine clearance in the donor was calculated.

Recipient characteristics used as explanatory variables
included age, gender, race, pretransplant dialysis duration,
BMI, BSA, weight, era of transplantation, cause of end-
stage renal disease (ESRD: glomerulonephritis, reflux
nephropathy, polycystic kidney disease, diabetic nephrop-
athy, analgesic nephropathy, renal vascular disease or
‘other’) and pre-emptive versus nonpre-emptive. In rela-
tion to era of transplantation, this was categorized into
eras during which major changes in immunosuppressive
therapy were made in the unit: 1994-1997, 1998-2001
and 2002-2003.

Transplant factors (immunological and nonimmuno-
logical) included as explanatory variables were: presence
or absence of DGF, donorrecipient weight ratio,
donor:recipient BMI ratio, transplant number (first versus
subsequent), peak and current PRA titres (%), HLA mis-
match number, immunosuppressive protocol (including
tacrolimus versus cyclosporin, IL-2 receptor antibody
induction, polyclonal antibody induction, sirolimus use,
everolimus use, MMF or mycophenolate sodium versus
azathioprine), cytomegalovirus (CMV) mismatch between
donor and recipient, CMV disease, cold ischaemia time,
warm ischaemia time and rejection details (rejection ver-
sus no rejection, vascular rejection versus no vascular
rejection and steroid-resistant rejection versus no steroid-
resistant rejection).

Statistical analysis

Results are expressed as mean = SD for continuous para-
metric data, median (interquartile range) for continuous
nonparametric data, and frequencies and percentages for
categorical data. Comparisons between continuous varia-
bles were performed by using Student’s t-test or the Wil-
coxon’s rank sum test, depending on data distribution.
Differences in proportions were evaluated by the chi-
squared test or Fisher’s exact test where appropriate.
Pearson’s coefficient of correlation was determined where
appropriate. Multivariate analysis was performed by using
linear regression to determine independent predictors of
renal function at 6 months. Covariates included in the
model were donor, recipient and immunological factors,
as described in detail in the methods above. For the ana-
lyses presented, GFRc g was used as the covariate to rep-
resent donor GFR as this data were available in all
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patients. However, similar analyses done utilizing
GFR(gpra (limited to 147 patients) were also performed.
Covariates included in the analyses were those with
P-value of <0.2 in the univariate analyses and those vari-
ables shown to be significant in previous published ana-
lyses. A backward elimination procedure was carried out
utilizing likelihood ratio until the most parsimonious
model was identified. A number of explanatory continu-
ous variables were not normally distributed and were
converted to a categorical variable or log-converted as
indicated. Regression diagnostics, including plots of resi-
duals against the explanatory variables and against the
fitted values, were carried out and tests for normal distri-
bution of the residuals were performed. Variance inflation
factor was checked as an index of collinearity. A priori
P-values <0.05 were considered significant. STATA version
9 (Stata Corporation, College Station, TX, USA) was used
for the analysis.

Results

Table 1 outlines donor, patient and transplant character-
istics of the cohort of 206 living donor transplants inclu-
ded in this analysis.

Donor characteristics

Of the 206 donors in this cohort, the average age of the
donor at the time of donation was 48 * 11 years, with
less than half (45%) being male donors. Their relation-
ship to the recipient included siblings in 61 (30%), parent
in 56 (27%), spouse in 49 (24%), other genetic relation
in 16 (8%), and emotionally related in 11 (5%). The
mean (+SD) GFRc.¢ of donors was 109 (+23) ml/min
and the mean (+SD) change in GFR postnephrectomy
was —27 (£16) ml/min. The majority (81%) of donor
procedures were laparoscopic, and usually involved the
left kidney.

Recipient characteristics

Recipients were predominantly Caucasian, and had a relat-
ively short (0.4 years) duration of dialysis. This was due to
a significant proportion (34%) being pre-emptive trans-
plants. For the 66% nonpre-emptive patients, the duration
of dialysis was 2.2 (0.4-2.5) years. In terms of the cause of
ESRD, almost half had glomerulonephritis, with only a
minority having diabetes (4%) as the cause. This was
probably a reflection of the relatively younger age of
patients receiving LDK transplants as opposed to deceased
donor transplants in our unit. There was no difference
between the Nankivell GFR at 1- and 6-month post-trans-
plant (60 = 17 compared with 59 + 15 ml/min).
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Table 1. Characteristics of donor and recipients and other key trans-
plant parameters. Results are expressed as mean + SD for continuous
parametric data, median (interquartile range) for continuous nonpara-
metric data, and frequencies and percentages for categorical data.

Donor characteristics

Donor age (years) 48 + 11
Male gender (%) 45
Relationship to recipient (%)
Sibling 30
Parent 27
Spouse 24
Other genetic relation 8
Emotionally related 5
Pathological 6
Body mass index (BMI) 26.1+4.0
Body surface area (BSA) (m?) 1.9+02
Weight (kg) 75+ 15
Donor glomerular filtration rate (GFR) 109 + 23
(ml/min, Cockcroft- Gault)
Donor serum creatinine (umol/l) 81+ 17
Change in GFR 27 £ 16
(ml/min, GFR preprocedure — postprocedure)
Donor procedure (open versus laparoscopic) 81%
Side of nephrectomy (left kidney) 77%
Recipient characteristics
Age (years) 43 + 14
Male Gender (%) 57
Caucasian (%) 89
Pretransplant dialysis duration (years) 0.4 (0-1.9)
Pretransplant dialysis duration (years): 2.2 (0.4-2.5)
transplant not pre-emptive
BMI 249 + 45
BSA (m?) 1.8+0.2
Weight (kg) 72 £ 13
Number living donor kidney transplants by era
of transplantation
1994-1997 41
1998-2001 118
2002-2003 46
Cause of end-stage renal disease (%)
Glomerulonephritis 48
Reflux nephropathy 12
Polycystic kidney disease 12
Diabetic nephropathy 4
Other (hypertension, analgesic 24
nephropathy, etc.)
Pre-emptive (%) 34
Dialysis type pretransplant (%)
Haemodialysis 45
Peritoneal dialysis 21
GFR at 1-month post-transplant 60 + 17
(Nankivell) ml/min/1.73 m?
GFR at 6-month post-transplant 59 £ 15
(Nankivell) ml/min/1.73 m?
Transplant specifics
Donor recipient weight ratio 1.09 + 0.29
Donor recipient BMI ratio 1.07 £ 0.22
Donor recipient BSA ratio 1.03+0.16
Retransplant (%) 4
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Table 1. (contd).

Delayed graft function (%) 4

Sensitized (Peak PRA > 50%) (%) 2.4

PRA > 0% (%) 27

0 or 1 human leucocyte antigen (HLA) 17
mismatch (%)

2, 3 or 4 HLA mismatch (%) 62

5 or 6 HLA mismatch (%) 21

IL-2 Antibody use (%) 30

Polyclonal antibody induction (%) 6

Cyclosporin (%) 86

Tacrolimus (%) 9

Mycophenolate mofetil or mycophenolate 74
sodium (%)

Sirolimus/everolimus (%) 6

Cytomegalovirus (CMV) mismatch (%) 18
(donor positive, recipient negative)

CMV prophylaxis (%) 21

CMV disease (%) 8
Follow-up time post-transplant (years) 3.7+23
Rejection (at least 1 rejection event) 38

Steroid resistant rejection (%) 13

Cold ischaemia time (minutes) 34 (22-51)

Warm ischaemia time (minutes) 40 + 16

Transplant factors

Most patients were recipients of a first graft, with only
4% being retransplanted. Only four percent of patients
had DGF (defined as requirement for dialysis postopera-
tively). The majority of patients were of low immunologi-
cal risk, although nearly 2/3 had 2-4 HLA mismatches.
Only 6% of patients received polyclonal antibody at
induction, and 30% received IL-2 receptor antibody. The
majority of patients received cyclosporin and mycopheno-
late as their primary immunosuppressive agents. Thirty-
eight per cent of patients suffered an acute rejection epi-
sode (Banff 97: IA 15%, IB 7%, IIA 13%, IIB 3%,
III < 1%). Steroid resistant rejection occurred in 13% of
all patients. The mean warm ischaemia time was 34 min,
with an interquartile range of 22-51 min.

Predictors of recipient creatinine clearance at 6-month
post-transplant

Predictors of recipient renal function on univariate and
multivariate analyses for the 194 transplants studied are
outlined in Table 2. For the final multivariate model, the
R%-value (coefficient of multiple determination) was 0.48.
The variance inflation factor for the final model was 1.0.
On univariate analysis, donor factors associated with
recipient Cr-Cl included GFR, age, BSA, weight, laparo-
scopic procedure, and nonspouse as relation to the recipi-
ent (Table 2). Pearson’s coefficient of correlation for the
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association between donor Cr-Cl and recipient renal func-
tion was 0.32, P < 0.0001 (see Fig. 1). On multivariate
analysis, donor GFR was the only independent predictor
(B 0.16, 95% CI 0.09-0.23, P < 0.0001).

For recipient factors, there were no factors found to be
significant on either univariate or multivariate analysis,
including age, gender, race, era of transplantation, or
cause of ESRD.

With regard to transplant factors, on univariate analysis,
DGF, current PRA > 1%, polyclonal antibody (ATG)
induction, everolimus use, rejection (versus no rejection)
and steroid resistant rejection were all found to predictors
of recipient GFR. However, on multivariate analysis, only
DGF (p-10.00, 95% CI —19.52 to —0.49, P = 0.039) and
steroid resistant rejection (B-8.17, 95% CI —13.98 to
—2.35, P = 0.006) were found to be independent predic-
tors.

Additional analyses

Additional analyses were done by utilizing donor GFR by
EDTA clearance in the models. This limited the analysis
to 147 patients. Results were not significantly different
compared with using GFRc g as the index of renal func-
tion in the donor. Donor GFR, DGF and steroid resistant
rejection were independent predictor variables. The point
estimate and 95% CI for the coefficient of association of
GFRgpra was 0.15 (95% CI 0.04-0.25) P = 0.004 com-
pared with the primary analysis using GFRc_g, 0.19 (95%
CI 0.13-0.2), P < 0.0001.

Discussion

The present study demonstrates that in our cohort of 206
LDK transplant recipients, the most important predictors
of recipient GFR at 6 months are donor GFR, the pres-
ence of DGF and the occurrence of steroid-resistant rejec-
tion. This is an important finding because all three are
potentially modifiable, or in the case of donor GFR,
measurable before embarking on the transplant proce-
dure. DGF can potentially be minimized by optimizing
perioperative care, and steroid-resistant rejection can be
minimized by appropriate immunosuppressive regimens.
There is little published data in the area of prediction
of recipient GFR in an LDK transplantation, particularly
with regard to the usefulness or otherwise of donor GFR
(estimated or measured). Although it would seem intuit-
ive that donor GFR might be an important predictor of
recipient GFR post-transplant, one series of 54 patients
found it not to be the case [6]. That study did, however,
find the ratio of kidney volume (assessed by magnetic
resonance imaging [MRI]) to donor weight, to be predic-
tive of recipient GFR, as measured by the Modification of
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Table 2. Donor and recipient factors impacting on recipient glomerular filtration rate (GFR) by univariate and multivariate regression. The only
significant factors on multivariate analysis were donor GFR, delayed graft function (DGF) and steroid resistant rejection.

Univariate Multivariate
Coefficient  95% Cl P-value Coefficient  95% ClI P-value
Donor factors
Donor GFR ml/min 0.16 0.09, 0.23 <0.0001 0.19 0.13, 0.29 <0.0001
Donor — male gender 0.365 -0.40, 7.71 0.077
Donor age -0.34 -0.51, -0.17 0.0001
Donor body surface area (BSA) 12.2 2.83, 21.51 0.011
Donor weight 0.16 0.25, 0.29 0.021
Donor procedure (laparoscopic versus open) 6.07 0.83,11.3 0.023
Relationship to recipient (versus sibling)
Parent -7.87 -13.16, -2.58 0.004
Spouse -1.19 -6.65, 4.27 0.668
Other relation -6.02 -11.9, -0.18 0.04
Recipient factors
Recipient age -0.55 -0.20, 0.09 0.445
Recipient gender (male versus female) 3.31 -0.79, 7.39 0.111
Recipient race (Caucasian versus non-Caucasian) 0.97 -3.78, 5.73 0.69
Pretransplant dialysis duration (log converted) -1.08 -3.14,0.97 0.300
Pre-emptive -3.53 -7.8,0.74 0.105
Era of transplant (compared to 1st era 1994-1997)
Era 2: 1998-2001 2.05 -3.25,7.35 0.466
Era 3: 2002-2003 3.96 —2.38, 10.30 0.220
Cause of end-stage renal disease (versus glomerulonephritis)
Reflux nephropathy 0.73 5.90, 7.36 0.828
Polycystic kidney disease 2.56 -4.32,9.43 0.465
Diabetes and vascular disease 8.71 -1.82,19.23 0.105
Other -1.59 -6.62, 3.45 0.535
Transplant factors
Donor recipient weight ratio 2.77 —-4.28,9.83 0.439
Donor recipient body mass index ratio 6.35 —2.93, 15.64 0.179
Donor recipient BSA ratio 1.51 -10.87, 13.91 0.809
Retransplant (compared with 1st grafts) 3.54 -7.43,7.82 0.105
DGF -12.59 -22.22, -2.95 0.011 -10.00 -19.52, -.49 0.039
Human leucocyte antigen mismatch number (compared with 0 or 1 mismatch)
2—-4 mismatches 3.18 —2.38, 8.73 0.261
5-6 mismatches 1.5 -5.18, 8.18 0.658
Current cytotoxic antibodies (antibodies >1% vs. 0%) 5.39 0.804, 9.786 0.02
Interleukin-2 antibody induction 2.75 —-1.65, 7.15 0.22
Antithymocyte globulin induction -9.15 -17.3, =1.01 0.028
Mycophenolate use (mofetil or sodium) 2.27 -2.52,7.05 0.351
Tacrolimus use (versus cyclosporin) 1.93 -5.15, 9.02 0.591
Sirolimus use -18.65 3.34, 0.17 0.172
Everolimus use 13.00 0.21, 25.96 0.046
Cytomegalovirus (CMV) mismatch 1.84 -3.44,712 0.492
CMV disease -5.54 -12.78, 1.70 0.133
Cold ischaemia time (=2 h vs. <2 h) -5.68 -11.48, 0.12 0.055
Warm ischaemia time -0.08 -8.59, 8.42 0.985
Rejection (versus no rejection) -5.50 -9.61, -1.39 0.009
Vascular rejection (versus no vascular rejection) -3.54 -9.77, 2.69 0.263
Steroid resistant rejection -6.07 -12.05, -0.09 0.047 -8.17 -13.98, -2.35 0.006

Diet in Renal Disease GFR (MDRD-GFR) method. How- and small sample size. Another recent study in an LDK

ever, it was limited by utilizing creatinine clearance as transplantation attempted to correlate donor single-kid-
measured only by 24-h urinary collection (rather than by ney GFR (measured by 99 mTc-DTPA scan) with recipi-
formulae based on serum creatinine), retrospective design ent function (as measured by 24-h creatinine clearance),
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and found no significant difference between patients with
GFR < 50 ml/min when compared with GFR > 50 ml/
min [7]. However patients in that study were highly selec-
ted, of smaller number (n = 70), and were excluded if
they had had either DGF or acute rejection. In addition,
donor estimated GFR was not analysed as a continuous
variable as performed in our analysis. These factors may
explain the apparent differences in results between the
studies. One study, which looked at graft survival in 344
recipients of LDKs [8], demonstrated that an absolute
GFR below 80 ml/min in the living donor more than
doubles the risk of graft loss.

This study did show a strong correlation between
donor GFR and age, but unlike our study did not explore
other donor predictors of GFR. A study of 52 LDK trans-
plants [9] explored donor age as a predictor of patient
and graft outcomes. Although patient and graft outcomes
were not statistically inferior with donor 250 years (poss-
ibly a type 2 error), the authors demonstrated a strong
correlation between donor age and recipient renal func-
tion. Although correlation studies looking at donor age
and recipient GFR were outlined in the study, similar
studies looking at donor GFR and recipient GFR were
not outlined and the value of using donor GFR versus
donor age as a predictor of outcome was not addressed.

In contrast, two studies have looked at recipient out-
comes in terms of GFR in relation to donor kidney func-
tion in deceased donor transplants. A retrospective study
from Europe of over 7000 such patients [10] found eleva-
ted donor serum creatinine to be independently predictive
of poor outcome. A prospective study of 200 patients also
found donor creatinine-based estimates of kidney func-
tion to be moderately correlated with recipient outcome,
but not as useful as donor age alone [11]. However,
creatinine-based measurement of donor kidney function

versus Donor GFR (Cockcroft-Gault) in
ml/min.

in deceased donors may be unreliable because frequently
such donors have a degree of cardiovascular instability
and other factors affecting the serum creatinine rather
than kidney function alone.

Publications in this area have recently focused on
attempts to estimate nephron mass by methods including
direct measurement of donor body weight at time of
transplant or by radiological assessment of renal volume
with methods such as magnetic resonance imaging. There
have also been a number of publications exploring ratios
of some index of donor nephron mass to an index of
recipient size. In particular in such publications, donor
nephron mass/functional donor GFR has been estimated
by using donor kidney weight, donor kidney volume or
other surrogate related to donor size. Indices of recipient
size have included body weight, BMI, BSA and lean body
weight as surrogate markers of ‘metabolic needs’. Results
have been variable with most studies showing one or
other of these ratios to be useful [6,12,13], although not
invariably [14]. However, the outcomes analysed to assess
the usefulness of these ratios also varied between studies
from indices of proteinuria [12,13] to hyperfiltration [13]
to recipient renal function by some estimation of GFR
(6,12].

Although our study did not examine the usefulness of
specific assessment of donor kidney size, such as donor
kidney weight or renal volume measure, we did explore
the effect of donor to recipient weight ratio, BMI ratio
and BSA ratio. In our analyses, these ratios were not pre-
dictive of recipient GFR, in contrast to the relationship
seen by other studies. This may be explained at least in
part by relatively good matching of donor and recipient
size in our patients. The donor to recipient weight, BMI
and BSA ratios in our study were within a very narrow
range (1.09 = 0.29, 1.07 £ 0.22 and 1.03 + 0.16, respect-
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ively) consistent with our cohort being relatively well
matched for body size. This would imply that to see a
substantial difference related to these ratios, larger num-
bers of patients would be required. Importantly then,
despite a relatively well matched population in relation to
body size, our data show an extremely strong relationship
between donor GFR and subsequent GFR in the recipient
at 6 months despite including patients with events such
as DGF and rejection.

Delayed graft function remains an important issue,
although uncommon in our cohort. A recent analysis of
the UNOS database identified laparoscopic surgical retrie-
val as a risk factor for DGF in paediatric LDK transplants
[15]. By optimizing surgical techniques to minimize the
chance of DGF, outcomes of an LDK transplantation
could be improved.

To date, our data do not show laparoscopic kidney
retrieval to be a disadvantage for the recipient. Steroid-
resistant rejection was also an important predictor of
renal function in our study, with rejection rates being
38% and 8%, for any rejection and steroid-resistant rejec-
tion, respectively. However, rejection rates have markedly
reduced with changes in immunosuppression protocols in
the more recently transplanted recipients. Of note, <1/3
of our patients received IL-2 receptor antibody in the era
of the study, although the use of such antibody is now
almost universal in our unit.

The limitations of our study include its retrospective
design, the relatively small numbers of transplants and
the utilization of a creatinine-based measure of GFR for
both recipient and donor rather than a gold standard
measurement of GFR [16]. In addition, we were unable
to explore the effect of calcineurin inhibitor drug levels
on recipient GFR. Importantly, we cannot exclude resid-
ual confounding. Although we included the well-estab-
lished predictor variables as covariates in our models, not
every possible confounding factor can be explored in a
cohort analysis of this size. We had intended developing a
linear regression equation from the data of this cohort
study but the R*-value of our model (coefficient of mul-
tiple determination) was 0.48. Although this R*-value is a
reasonable one to explain the data, for a model to be use-
ful as a predictor of outcome in future patients (in this
case to predict the eGFR at 6-month post-transplant)
would require the R* to be in the order of 0.6-0.7. It is
our intention to explore this further with a larger cohort
in order to define a more adequate regression equation to
apply to future patients.

The strengths of our study include the prospective data
collection, complete follow-up on all patients and explo-
ration of multiple donor factors in our analysis.

In conclusion, our study found that of the live kidney
donor characteristics examined, donor GFR pretransplant
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was the most significant and powerful predictor of recipi-
ent kidney function at 6-month post-transplant. DGF and
steroid resistant rejection were also independent predic-
tors. In contrast to some published studies, we did not
find that donor recipient weight, BMI or BSA ratios were
predictive of recipient renal function. Our data support
the need for careful measurement of donor GFR when
screening prospective live kidney donors not just to
exclude inappropriate donors but to consider carefully
the impact on recipient GFR. Ideally, the derivation of a
robust formula to enable the pretransplant calculation of
a predicted recipient GFR, utilizing donor, recipient and
transplant factors, is an attractive goal, especially for live
donor transplants, but would require a large, prospective,
multicentre trial.
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