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Introduction 
There is large interest nowadays in the identification of novel 
biomarkers of late graft dysfunction in subjects with kidney 
transplantation [1,2].

The kidney allograft dysfunction has been shown to be dependent 
upon many factors, both immunological and non-immunological 
ones [3]. Among the non-immunological risk factors are blood 
pressure, diabetes, obesity and cigarette smoke [4]. These factors 
have been largely studied in relation to cardiovascular diseases. 
However, it should be noted that the renal allograft itself largely 
modifies normal blood pressure control through two main 
mechanisms: 

[i] the recipient subjects are under lifelong immunosuppressive 
therapy, which can increase the blood pressure by means 
of various mechanisms [5] and [ii] the kidney allograft is not 
innervated [6] and therefore lacks of one of the physiological 
feedbacks that in normal subjects control its function [7]. The 
innervation of the kidney, in fact, is known to be important in 

blood pressure control, and kidney denervation therapies are 
used in patients who do not respond to drugs [8]. Although it 
has been reported that the kidney allograft might receive a 
new innervation, its physiological meaning has been largely 
questioned [9,10]. It should be noted that it has been reported 
a relationship between creatinine blood levels [a marker of 
glomerular filtration rate [GFR] and kidney function] and cardiac 
output, indexed by the blood pressure [BP] and the heart rate 
[HR] [11]. The mechanism of such relation is probably due to the 
strong influence of the heart output on the GFR.

In the present paper we hypothesize that the relationship 
between GFR and cardiac output might be impaired in early 
stages of kidney allograft dysfunction.

To test this hypothesis, we analyzed serial data from a cohort of 
subjects and used these data to derive the relationship between 
serum creatinine [Cr] and three main parameters connected 
to the cardiac output, that is the heart rate, the systolic blood 
pressure and the diastolic blood pressure. According to our 
working hypothesis, a kidney with impairment of its function 
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should also show impaired relationship between its GFR [indexed 
by Cr] and the cardiac output.

Methods
This retrospective observational study evaluated 27 adult 
patients, who received a deceased kidney transplant more 
than 5 years before. All the patients received conventional 
immunosuppression therapy. The main characteristic of the 
subjects [anthropometric measures, years after transplant, blood 
chemical data] is reported in Table 1. For their follow-up, subjects 
have been studied 6 times per year for two years. For the present 
study, only 10 temporal points per subject have been used [20 
months]. Three patients have been excluded from the study 
because the time series was incomplete. In the present study we 
further analyzed the creatinine levels, blood pressure and heart 
frequency collected during the follow-up period.

Statistical analysis
For each subject we calculated 

[i] The change in creatinine level from the beginning to the end of 
the 20 month follow-up period and 

[ii] The correlation coefficient between plasma creatinine and 
blood pressure or heart rate. Finally, the relationship between 
the change in creatinine and the creatine-BP or Cr-HR correlation 
was evaluated using correlation analysis [Pearson coefficient] 
and then linear regression analysis, with a linear model and a 
quadratic model. The rejection level for statistically significant 
association was set at p=0.05.

Results
The relationship between blood pressure and creatinine levels in 
the same subject over time was very variable among subjects, 
with some patient exhibiting a strong positive correlation [higher 
values of creatinine correlated with higher values of blood 
pressure during the 10 months observational period], absent 

or even inverse. We then analyze whether this large variability 
could be linked to the functional status of the kidney and its 
deterioration over time. Therefore, we analyzed the possible link 
between a change in creatinine levels over time (indexing the 
modification of the kidney function) and the correlation of heart 
function (blood pressure or heart frequency) and the creatinine 
levels.

This correlation analysis did not show any significant relationship 
between the change in creatinine levels over time and the 
dependence of creatinine on systolic blood pressure or heart rate 
[p>0.05]. We therefore conducted a regression analysis using a 
quadratic model. Also in this case there was no statistical link 
between the change in creatinine levels and the dependence 
of creatinine on blood pressure [systolic or diastolic]. However, 
as shown in figure 1, there is a non -linear relationship between 
the change in creatinine level and the heart rate-dependence of 
creatinine levels [R2=0.37, p=0.008].

Discussion
Most of the current literature is focused on the simple relationship 
between hemodynamic parameters and creatinine or on the 
trend in creatinine levels or other systemic parameters to explain 
modifications of creatinine levels in renal allografts.

The main result of the present study is that by focusing on the 
known relationship between renal function [indexed by creatinine 
levels] and heart rate or blood pressure, it is possible to show 
that increases in creatinine levels occur when this relationship 
is disrupted. In other words, when the changes in creatinine can 
be explained by heart rate modifications, the system is healthy. 
Conversely, as soon as the kidney is not responding adequately 
to a modification in the heart rate, a decrease in kidney function 
can be observed.

These results await confirmations from a larger cohort of subjects, 
but at present they suggest a new way to look at time-series data 
in patients underwent kidney transplantation.

Variables
Age 46 ± 12 years

Weight 72 ± 9 Kg
Sex M = 13; F= 11

Serum Creatinine 1.3 ± 0.497 mg/dl
Time from the transplantation 13 ± 8 years

Systolic blood pressure 135 ± 16mmHg
Diastolic blood pressure 83 ± 11mmHg

Heart rate 76 ± 11 bpm

Table 1 Characterization of the cohort (values represent mean ± SD).
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Figure 1 Relationship between change in renal function (indexed by a change in creatinine level) and the correlation between heart 
rate and creatinine.
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