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The cardiovascular system renal regulation
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ABSTRACT

The study of kidney physiology and cardiovascular system physiology has long unveiled several points of con-
tract from which the existence of integrated mechanisms between the two systems has readily been inferred. In
conclusion, the need is felt to conduct new studies to explore how the physiologic response to neuro-vegetative
stimuli correlates to the renal function level indicated by the glomerular filtration rate (GFR) in a view to demon-
strating that a decreased GFR results in cardiovascular alterations whose size is directly proportional to the same

GFR reduction.
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The study of the physiology of the kidney and of the car-
diovascular system has long unveiled several points of contact
from which the existence of integrated mechanisms between
the two systems has been readily inferred. The historical foun-
dation of the above integrated mechanisms was laid down by
A.C. Guyton who wrote “a renal fraction does exist, i.e., the
portion of the total cardiac output that enters the kidney; this
fraction has been assessed to be around 21% of the total car-
diac output since the total cardiac output of a healthy adult
male at rest is about 5600 cc/m and the relevant blood sup-
ply to the two kidneys is about 200 cc/m”; this renal fraction
may range from 12% to 30% even in healthy subjects at rest
(1). For several years this basic notion has suggested that the
“cleansing” function of the kidney, which takes place through
a process of glomerular capillaries plasma filtration, corre-
lated only with the blood flow rate of the same clusters as a
function of the quantity of blood the heart was able to supply
to peripheral circulation. This same notion was at the basis
of the so-called “pre-renal renal failure” observed in clinical
practice, i.e., a renal dysfunction that results from the heart
and/or systemic conditions characterized by a decreased
cardiac output. On these grounds the kidney was universally
thought to be a hemodynamically passive organ whose func-
tional efficiency relied only on the amount of blood received
from the heart and whose main function seemed to be con-
fined to either increasing or reducing the glomerular filtration
rate in response (and in the same percentage) to either a re-
duced or increased heart output. However, as early as 1984,
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Katholi et al reported that parenchymal renal afferent nerve
fibers are able to send adenosine-mediated general nerve im-
pulses to the diencephalon and that these impulses result in
arterial hypertension with increased plasma norepinephrine
levels (2).

In 1987 Katholi completed his studies reporting the oc-
currence of a “renal reflex”, between the renal tissue and the
orthosympathetic autonomic nervous system (3).

More recently, Ciriello and de Oliveira (4), Johns (5) and
Phillips (6) have reported that the renal afferent nerve fi-
bers in question reach the different levels of the central ner-
vous system thus interacting with other impulses coming
from other districts in the genesis of the orthosympathetic
descending efferent nerve fibers and participating in the
regulation of (i) systemic blood flow, (ii) vascular tone and
(iii) arterial hypertension.

Against this background, one first new notion has been
added to modern renal physiology under which the kidney
is no longer considered as a passive “observer” of the oscil-
lations of the renal blood flow rate that exclusively serves as
a filter of the blood is supplied with. Quite the contrary, the
kidney is an organ equipped with chemoceptive and mecha-
noceptive sensors through which the renal blood flow rate
increases and decreases and which trigger different amounts
of diencephalon-targeted and proximal brainstem-targeted
nerve impulses involved in the modulation of the ortho-
sympathetic activity. The above chemoceptive and mecha-
noceptive sensors result in cardiovascular effects meant to
rectify the renal blood flow rate increases and decreases in
question by inducing changes in both arterial pressure and
heart rate.

This sequence of orthosympathetic efferent impulses
from the brainstem diencephalon-proximal areas, which is
“also” made of impulses whose generation is “orchestrated”
by the kidney itself, reaches the renal tissue by scattering
impulses on bundles of nerve fibers that make their way
into specific intrarenal areas (afferent arterioles, efferent ar-
terioles, macula densa, distal tubule), gently stimulating the
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specific functions of these latter (7-9). These observations
have led to the formulation of a second notion of renal phys-
iology under which the kidney modulates the orthosympa-
thetic systemic function by self-regulating all of its individual
functional units and not only parenchymal blood perfusion.
Finally, the latest renal physiology (from 2005 to 2008) stud-
ies carried out by Xu et al have highlighted the existence of
a third hormone produced by the kidney (besides renin and
erythropoietin). The production of this hormone, referred
to as “renalase”, which is able to catabolize noradrenaline
and other blood flow catecholamines, is stimulated by the
blood concentration of the same catecholamines (10-12).
The kidney is therefore able to counter any orthosympathet-
ic activity increases by providing a mechanism of protection
against renal and systemic damage from arterial hyperten-
sion and heart failure. But the close correlation between
heart function and kidney function reported by Guyton (1)
was only limited to the relationship between cardiac output
and renal blood volume and failed to explain how athero-
sclerosis and myocardial structural changes could over time
result in a decreased renal function. Under Guyton’s central
model the kidney regulated the extracellular volume with
the renin aldosterone mechanism of endothelin and the
various antagonists (nitric oxide and natriuretic peptide). In
2005 some authors revised Guyton’s model and proposed
the “cardio-renal connection” (13). In this new model the
renal control of blood volume and blood pressure must be
connected to other pathogenic factors (increased renin ac-
tivity, inflammation, oxidative stress, increased activity of
the sympathetic nervous system) which play a synergistic
role in the functions of the heart and the kidney. The altera-
tion of one of these factors results in a failure of the entire
system which determines the various types of cardio-renal
syndromes and reno-cardiac syndromes (13). These patho-
logical conditions are also exacerbated by the processes of
cardiomyocytes apoptosis due to toxic and ischemic damage
of the myocardium (14). In 2013, the presence of modest
reductions in renal function was also reported to be linked
to increased cardiac morbidity and mortality, much as coro-
nary damage and left-ventricular diastolic dysfunction were
also reported to decrease kidney function. These pathologi-
cal conditions stem from the need to improve renal perfu-
sion through increased cardiac function, but vascular stress,
high blood pressure and increased blood volume that take
place in an initial phase in the end result in a damage of the
heart and the kidney together (15).

The initial onset of renal damage with subsequent cardiac
involvement or, the other way around, the initial onset of a
cardiac damage with subsequent renal involvement, deter-
mine the different types of cardio-renal syndromes. It is very
important to study the various bio-renal and cardiac mark-
ers in order to understand the exact sequence of the various
syndrome-inducing phenomena and their severity (16).

In conclusion thirty years after A.C. Guyton’s seminal
studies, modern clinical renal physiology and nephrology
consider the kidney as a chemo/mechanoceptive “sensor”
which senses systemic hemodynamic oscillations and plays
a role in their autonomic regulation in order to fulfill four
objectives: (i) ensuring an optimal blood perfusion for glo-
merular filtration, (ii) regulating and coordinating the activ-
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ity of its various functional units (afferent arterioles, efferent
arterioles, macula densa, distal tubule), (iii) limiting the onset
of systemic arterial hypertension, and (iv) playing a proactive
cardio-protective role. Therefore, the need is felt to conduct
further studies to explore how the physiologic response to
autonomic stimuli correlates to the level of renal function
indicated by the glomerular filtration rate (GFR) with a view
to demonstrating that a decreased GFR results in cardiovas-
cular alterations whose extent is directly proportional to the
same GFR reduction.
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