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Sir: Evaluation of the progression or 
stabilization of the glomerular fil- 
tration rate (GFR) of a renal graft is 
more complex than evaluation of 
changes in GFR function in individ- 
uals with chronic renal disease [4,5]. 
The decrease in GFR in patients 
with chronic renal disease can often 
be expressed using a simple linear 
relation to time [2,3]. By contrast, 
the time course of GFR of a renal 
graft is often irregular and cannot be 
expressed by a simple mathematical 
function. Figure 1 gives examples of 
irregular decreases in GFR in two 
renal transplant recipients. It is evi- 
dent from the figure that, although 
starting GFR values (GFR,) and 
those found at the end of follow-up 
(GFR,) are almost identical, the 
time course of GFR is different. In 
patient A,  GFR was at a relatively 
high level for most of the follow-up 
and did not decline until the end of 
the follow-up. In patient B, GFR 
decreased right at the very begin- 
ning of follow-up and remained low 
throughout the follow-up period. 
Considering the fact that, both 
pathophysiologically and clinically, 
the quality of kidney function is re- 
levant there is a significant differ- 
ence between patients A and B that 
is not apparent from the ratio be- 
tween the initial and final GFR 
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Fig.1 Different time courses of GFR in two cases with almost identical initial and final 
values but very different AUCs 

this function during the entire fol- 
low-up period and that can even be 
used in cases where changes in GFR 
in time cannot be characterized by a 
simple mathematical function. 

We followed up the GFR in 22 
renal graft recipients at 3-month 
intervals using renal polyfructosan 
and creatinine clearance. The 
group included 9 women and 
13 men with a mean age of 50 years 
(range 30-60 years). A mean peri- 
od of 22 months (range 1-84 
months) had passed since they had 
undergone primary cadaveric renal 
transplantation. The immunosup- 
pressive protocol used included 
azathioprine (1-1.5 mg/kg per day), 
prednisone (10-15 mg/day), and cy- 
closporin A (at doses adjusted for 
blood cyclosporin A levels between 
300 and 500 ng/ml). Patients with 
arterial hypertension were given 
ACE inhibitors or beta-blockers, or 
combinations thereof. The doses of 
drugs remained unaltered through- 
out the follow-up period. Renal 
polyfructosan and creatinine clear- 
ance were examined when plasma 
levels were stable. Urinary polyfr- 
uctosan and creatinine elimination 
were monitored by collecting urine 
during 60 to 90-minute periods [6]. 
The study protocol was approved 

by the local ethics committee and 
was in keeping with the standards 
of the 1964 Declaration of Helsin- 
ki. 

Based on the GFR values ob- 
tained at repeated measurements, 
we calculated an integrated GFR 
value for every patient we examined 
using a trapezoid method and the 
following formula: 

Integrated GFR = GFRdf 6 
= AUC0.t (1) 

where t is the follow-up period and 
AUC,., is the area under the curve 
delineated by the GFR curve and 
the time axis over the follow-up pe- 
riod. In cases where GFR was stabi- 
lized at the start (GFR,) and 
throughout the entire follow-up pe- 
riod ( t ) ,  the corresponding AUC was 
given as the product GFRI, x t. On 
the basis of the calculated AUC,., 
values in the patients examined and 
GFR, x f ,  the relative loss or gain of 
glomerular function during the en- 
tire follow-up period could be eval- 
uated. 

Data on the relationship between 
glomerular function (polyfructosan 
clearance) in individual cases on the 
basis of AUCo.t and GFR values re- 
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Fig.2 Relationship between the relative changes in GFR (polyfructosan clearance) of 
the graft expressed on the basis of changes in AUC (abscissa) and GFR recorded at the 
start and the end of follow-up (ordinate). Figures in parentheses indicate the length of 
the follow-up period in months 

corded at the start (GFR,,) and at 
the end (GFR,) of the follow-up pe- 
riod are shown in Fig. 2. The value of 

1 100 indicates rela- (m- ) 
tive loss of glomerular function dur- 
ing the entire follow-up period. The 

value of (s - 1) 100 indicates 
GFR, 

the loss of glomerular function 
based on the initial and final values. 
It is evident from Fig. 2 that evaluat- 
ing the changes in glomerular func- 
tion of the graft on the basis of these 
two methods does not give identical 
results. However, a significant cor- 
relation between these methods was 

found (Y = 0.85; P < 0.001). In one- 
third of the patients examined, the 
difference in glomerular function 
using these two methods exceeded 
20 Yo. Equal values for GFR,, and 
GFR, does not necessarily reflect 
stabilization of GFR during the en- 
tire follow-up period. Such a con- 
clusion can be made provided 
AUC,.t is identical with the product 
GFR, x t. Nevertheless, a significant 
correlation coefficient does not en- 
able us to assume that both methods 
used to evaluate the monitored 
function could be used interchange- 
ably. 

Bland and Altman [l] pointed to 
the fact that, when comparing two 
methods of assessing a biological 

function, the value of a correlation 
coefficient may be inadequate, and, 
they proposed a new method, which 
we employed in this particular study. 
Our results, using Bland and Alt- 
man’s method, suggest that the 
mean difference between 

($ - 1) 100 and 

100 in the monitored 

group of patients was -1.4 % and 
the standard deviation 19.9 YO. The 
confidence interval (95 YO) was in 
the range 4 1  Y to + 38 YO. No sig- 
nificant dependence was demon- 
strated 

between (2 - 1) 100 and dif- 

ferences of (z - I )  100 and 



157 

This statistical analysis suggests that, 
when assessing changes in GFR on 
the basis of polyfructosan clearance 
during the follow-up period, it is not 
possible to replace one method by 
another. We came to the same con- 
clusion when evaluating changes in 
GFR on the basis of creatinine 
clearance. In this case ( r  = 0.74, 
P < 0.001), the mean difference be- 
tween the two methods was 1.0%; 
the confidence interval (95 YO ) rang- 
ed from -41 % to 43 YO. This statisti- 
cal analysis suggests that the confi- 
dence intervals are too big from a 
clinical point of view and indicate 
that the methods followed cannot be 
used interchangeably. 

These results suggest that, when 
evaluating long-term follow-up of 
changes in GFR of a renal trans- 
plant, it is useful to assess not only 
initial and final values of GFR, but 
also AUC,,.,, showing the level of 
GFR throughout the entire follow- 
up period. 
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