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Predicting creatinine clearance by a simple 
formula following live-donor kidney 
transplantation 

Abstract The outcome after live- 
donor kidney transplantation is 
influenced by many parameters. The 
aim of our study was to establish a 
multivariate prognostic model for 
calculating the recipient’s creatinine 
clearance after transplantation. 
Basic immunological, donor-, 
recipient- and process-related vari- 
ables were assessed in a series of 18 
live-donor kidney transplant 
patients with an uncomplicated 
postoperative course. Multivariate 
analysis was carried out with auto- 
mated forward and backward selec- 
tion. The following four parameters 
were included in the predictive 
model: recipient age, recipient BMI, 
graft clearance and degree of rela- 
tionship. The coefficient of determi- 
nation (R2) was 0.67. It could be 

shown that a significant prediction 
of creatinine clearance after living 
related kidney transplantation can 
be made, based on simple variables. 
Therefore, this formula could help to 
detect early complications in the 
post-transplantation course if the 
recipient’s creatinine clearance drops 
below the predicted result. 
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Introduction 

The outcome after kidney transplantation is influenced 
by many variables, which are thought to interact in a 
complex manner. These variables can be divided into 
immunological and non-immunological factors. They 
include donor and recipient characteristics and depend 
on procedure settings. As live-donor kidney transplan- 
tation is an elective procedure, some of those factors can 
be better controlled. Graft procurement and transplan- 
tation are precisely planned so that preservation and 
ischaemia time can be kept as short as possible. Fur- 
thermore, pre-emptive immunosuppressive treatment 

may be introduced to reduce the incidence of rejection 
episodes. 

Nevertheless, immunological risk factors such as 
HLA-mismatch and degree of relationship may play a 
role in the outcome [l, 2, 31. Furthermore, functioning 
nephron mass of the graft and donor/recipient weight 
ratios [4, 5, 6, 7, 81, as well as age, [9, 10, 111 have been 
described as important predictors of graft function. 
Therefore, outcome after live-donor kidney transplan- 
tation is not always as good as expected and can, addi- 
tionally, be impaired by complications in the 
postoperative course. The aim of our study was to 
establish a multivariate prognostic model for calculating 
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the recipient’s creatinine clearance after identification of 
essential donor and recipient variables. 

~~~ 

Materials and methods 

We carried out 22 live-donor kidney transplantations 
between October 2000 and March 2002, which were 
analysed retrospectively. Of them, four were excluded 
due to postoperative complications (three rejection epi- 
sodes and one recurrence of original disease). The 
underlying disease in the remaining 18 patients included 
glomerulonephritis (n = lo), congenital malformation of 
the urinary tract (n = 4), recurrent pyelonephritis (n = 2), 
progressive arteriosclerosis (n  = l), and haemolytic 
uraemic syndrome (HUS; n = 1). 

Before transplantation the direct cross-lymphocytic 
match was checked twice and was negative. All donors 
and recipients were operated on by the same surgeon 
and received the same immunosuppressive regime. 
Induction therapy consisted of methylprednisolone and 
antithymocyte globulin. Immunosuppression was 
maintained by triple-drug therapy with prednisolone, 
tacrolimus (trough level 10-1 5 ng/ml) and mycopheno- 
late mofetil (2 g/day). 

In order to develop a multivariate predictive model 
for calculating the recipient’s creatinine clearance (CrC1) 
we included the following variables in the analysis: age, 
gender and BMI of both donor and recipient, and cre- 
atinine clearance of the graft (CrClgraft) as well as 
ischaemia time, HLA mismatch and the “degree of 
relationship”. 

Creatinine clearance was calculated with the Cock- 
croft-Gault formula. Creatinine clearance of the graft 
was defined as the product of the recipient’s CrCl and 
the proportion of global renal function as given by renal 
scintigraphy. The variable “degree of relationship” dif- 
ferentiated between living unrelated, parent-offspring 
and sibling transplants. 

The objective of the resulting formula was to predict 
what we called the “plateau CrCl”. CrCl of the recipient 
was recorded at 1- to 2-week intervals, starting at the time 
of discharge [postoperative day (POD) 21 &4]. The 
median CrCl over the first 3 months after transplantation 

(79.3 f 22.2; 47.41-126.14 ml/min) was named “plateau 
CrCl”. By then, we should have eliminated the early 
fluctuations of the post-transplantation creatinine levels 
that result from ischaemia/reperfusion, changes of body 
hydration and variations in the tacrolimus trough level. 

Statistics 

Calculations were made with SAS statistical software 
package version 8.2. In a multiple linear regression 
model the most important variables were sought by 
means of automated parameter selection with two dif- 
ferent methods: forward selection, with an entry crite- 
rion of a P value less than 00.5, and backward selection, 
with an exclusion criterion of a P value greater than 
00.1. 

Forward selection is based on an algorithm that 
starts with an empty (“zero”) model and adds the best 
additional covariate factors in a stepwise fashion, as 
long as it fulfils the entry criterion. The backward- 
selection algorithm, in contrast, starts with a complete 
model (with all covariates included) and involves the 
stepwise removal of the worst factor, as long as 
the exclusion criterion is met. To avoid “over-fitting’’ of 
the model, we restricted the number of parameters to 
four. Model prerequisites of the final model (normality 
of parameters and residuals, linearity) were tested by 
means of qq-plots and residual plots. The model’s 
quality was reported as coefficient of determination (R’) 
and graphically demonstrated by the plotting of 
observed against predicted “plateau CrCl”. 

Results 

To characterise our study cohort, we gave all included 
parameters as means f standard deviation and as range 
(Table 1). Univariate analyses between the target vari- 
able and the chosen parameters are shown in Table 2. 
Figure 1 shows the degree of relationship among our 
patients. 

The univariate analysis showed significant correlation 
between the “plateau CrCI” and graft clearance, as well 

Table 1 Variables included in 
the analvsis Parameter Mean 1 SD Range 

Donor age (years) 
Recipient age (years) 
Donor BMI (kg/m2) 
Recipient BMI (kg/m2) 
Cold ischaemia time (min) 
Plateau CrCIRecipient (ml/min) 
CrCl of donor before donation (ml/min) 
Scintigraphic proportion of renal function of the graft (Yo) 
CrCl of the graft (ml/min) 

46.9 1 1 1.2 
38.61 15.7 
25.7+3.5 
24.4 =!c 3.5 
207.17 + 36.25 
79.3 1 22.2 
104.43 1 29.25 
49 i 3.8 
51.21 15.4 

27-64 
16-64 
19.9-33.9 
1 9.2-30.5 
133-249 
47.41-126.14 
63.19-1 73.5 
39-55 
29.1-90.2 
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Table 2 Univariate analysis: Pearson correlation between “pla- 
teau” CrCl and all variables included in the analysis. Significant 
correlation between “plateau” CrCl/donor BMI and “plateau” 
CrCl /CrCl of the graft 

Parameter Correlation P 
coefficient (R) 

Donor age (years) 
Recipient age (years) 
Donor BMI (kg/m2) 
Recipient BMI (kg/m2) 
Cold ischaemia time (min) 
CrCl of the graft (ml/min) 
Parent-offspring transplants 
Sibling transplants 
Unrelated transplants 
HLA mismatch 

-0.38 
-0.382 
0.582 
0.238 
0.012 
0.536 
-0.142 
0.078 

-0.112 
- 

0.12 
0.118 
0.024 
0.342 
0.963 
0.022 
0.574 
0.757 

0.658 
~ 

as between “plateau CrCl” and donor BMI. The latter 
was not included in the multivariate model, but donor 
weight contributes to the calculation of creatinine 
clearance according to the Cockcroft-Gault formula. 

In the multivariate analysis the automated forward 
and backward selection confirmed that recipient age and 
BMI, graft clearance and parent-offspring transplants 
were among the four most important parameters. From 
this model the following formula for recipients’ plateau 
CrCl was constructed (Table 3): 

clearance - 1.4 x 
agerecipient + 3.1 x BMIrecipient - 28 x degree of rela- 
tionship with the following parameter definition and 
units: 

graft clearance = clearancedono, x scintigraphic pro- 
portion of global function of the graft (mlimin), age 
(years), BMI kg/m2. The degree of relationship is equal 
to 1 in the case of a parent-offspring transplant and zero 
in the case of a sibling or unrelated-donor transplant. 

The quality of this prognostic model is satisfactory 
(R2 = 0.67). Residuals are normally distributed. Residual 
plots showed good linearity between the extracted 
parameters and the target variable. In Fig. 2 the ob- 
served “plateau CrC1” is plotted against the predicted 

CrClrecipient = 52 - 0.26 x graft 

, I Parent-offspring I 
I 1 (n=5; 38%) - , I Related (n=13) 1 

n=8; 62%) - 1 Relationship 1 

Old-for-young 

Fig. 1 Relationship and age of donor-recipient pairs 

Table 3 Best prognostic model resulting from multivariate analy- 
sis. Graft clearance = CrCldonor x scintigraphic proportion of 
global function of the graft (ml/min). CrCl was calculated with the 
Cockcroft-Gault formula 

Parameter Regression Standard P R2 
coefficient error contribution 

~~ ~ ~ 

Constant 52 30 0.1064 - 

Graft clearance 0.26 0.27 0.3569 0.2868 
Recipient age -1.4 0.37 0.0020 0.1335 
Recipient BMI 3.1 1.3 0.0216 0.0977 
Parent -28 11 0.0262 0.1549 
Global - - 0.0038 0.6729 

values. The model we chose is not intended to clarify 
pathophysiological aspects (“explaining model”) but to 
predict the outcome (“predictive model”). 

Discussion 

In contrast to the complexity of contributing factors 
mentioned above, this new formula allows for the direct 
calculation of early graft function after live-donor kid- 
ney transplantation. All the included variables are well 
known as risk factors in kidney transplantation. How- 
ever, as the model was chosen with predictive intention, 
the contribution to pathophysiological aspects might be 
limited. 

First of all, the quality of the graft is of major 
importance with regard to outcome after transplanta- 
tion. Creatinine clearance, in a multivariate analysis, has 
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values 
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been shown to have a great impact on renal graft func- 
tion after cadaveric kidney transplantation [5 ] .  With 
ageing, the number of functioning nephrons decreases, 
and progressive arteriosclerosis limits the functional 
capacity of a kidney [4, 121. Therefore, the calculated 
creatinine clearance (Cockcroft-Gault formula) is a 
more precise parameter for determination of kidney 
function than is serum creatinine, as recipient age and 
gender are additionally entered into the formula. In our 
series the proportion of global donor kidney function, as 
assessed by renal scintigraphy, was taken into account, 
additionally, in order to describe precisely the functional 
capacity of each single graft. This graft clearance 
showed the best results in respect of the predictive value 
in several models when compared with serum creatinine 
or creatinine clearance of the donor (data not shown). 

Differences in metabolic requirements between donor 
and recipient, expressed as a mismatch in weight or body 
surface area, influence the serum creatinine after trans- 
plantation [7, 81. In our formula this is taken into con- 
sideration, as the BMI of the recipient is included as one 
important factor predicting creatinine clearance after 
transplantation. Including donor and recipient BMI as 
separate parameters showed better results in different 
models than choosing the weight or calculating for any 
BMI or weight ratios. 

With regard to age, the recipient’s age was selected 
among the four essential parameters that build the pre- 
dictive model. Donor age is indirectly included, as this 
variable is part of the Cockcroft-Gault formula for 
calculation of “graft clearance”. 

Recipient age has been shown to influence long-term 
graft survival [ 101 and the development of chronic allo- 
graft nephropathy [ 1 I]. Older recipients are more likely 
to suffer from an accompanying disease such as high 
blood pressure, ischaemic heart disease, or arterioscle- 
rosis and may have different pharmacokinetics from 
immunosuppressive drugs. Those factors might even 
influence the creatinine clearance in the early postoper- 
ative course after live-donor kidney transplantation. 

Among immunological factors, HLA mismatch and 
degree of relationship were included in the analysis. In 
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