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ABSTRACT

The problem of cardiorenal relationships is considered from the point of view of the system approach. It is assumed that over 
the next 5-20 years the advances in computer technology and their approach to the analysis of complex biological systems 
inmedicine will reach a level that will significantly change the traditional approaches. Medicine in general – and one should 
think of nephrology as part of it – will become personalised, predictive, preventative and participatory, i.e. it will acquire the P4 
format.
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Historically, the advancement of scientifi c knowl-
edge concerning any object has always occurred 
through its division, since it is a priori believed to 
be easier to learn about and thus come to know part 
of some phenomenon (process or object) than the 
whole. Almost all sciences – and medicine in particu-
lar – have been successfully developed in this way. In 
medicine, the extent of division (or reduction) across 
different historical periods has depended on the state 
of the basic scientifi c disciplines of the corresponding 
era. The principle of reduction to individual organs 
in the disclosure of the pathogenesis of disease in the 
18th century (Morgagni) was replaced by reduction 
to the level of the cell (Virchow), and then, in the con-
temporary period, the molecular (biochemical, genet-
ic) level. The culmination of this process of division 
was achieved with the disclosure of the sequence and 
function of genes at the level of the human genome 
[1].

The science of genetics was the fi rst in which it 
was acknowledged that it is impossible to know the 
whole phenomenon by studying its individual parts 
exclusively at the cellular or sub-cellular levels. Even 
so-called monogenic diseases, caused by a defect in a 
single gene, may have different phenotypes; this ap-
plies to a greater degree when it comes to the mul-
tifactorial (polygenic) causes that characterise most 
chronic human diseases. However, it is not possible 
to assess the disease as a whole by only studying in-
formation encoded in genes. For example, the proc-
ess of reading information from a gene depends on 
the interaction of many transcription factors, which in 
turn are products of other genes, as well as on the syn-

thesis of the matrix and the activity of the transport 
RNA. This insight led to the creation of a new fi eld 
in genetics – transcriptomics. However, it is not only 
the genetic and transcription processes themselves 
that are affected, but also their products. From this 
insight emerged the new scientifi c discipline of pro-
teomics, which consists in an evaluation of the func-
tion of the genome according to its protein product, 
considering possible changes in the latter at the post-
translational level. Proteomic analysis includes three 
stages: isolation of individual proteins, quantifi cation 
of each protein and identifi cation of individual pro-
teins including evaluation of their post-translational 
modifi cations [2].

In metabolic disorders, the known genotype does 
not always lead to the formation of the expected phe-
notype, which depends on numerous intermolecu-
lar interactions that can compensate (or, conversely, 
strengthen) the defective function of some enzyme. 
From this set of problems emerges the scientifi c disci-
pline of metabolomics (the study of the metabolome). 
It includes not only the study of individual products 
of biochemical reactions in the cell, but also the es-
tablishment of the character and dynamics of the con-
nection between metabolites depending on the muta-
tions or polymorphism of genes and the processes of 
their transcription (transcriptomics), as well as epige-
netic (for example, changes in DNA structure due to 
methylation by products of biochemicalreactions) of 
changes (epigenomics) [2]. Over the past few years, it 
has become apparent that all biological systems must 
be viewed as an integrative whole, functioning within 
a system of interrelated components. Analogously, it 
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is impossible to evaluate a symphonic work on the 
basis of studying only individual instrumental parts 
without listening to the orchestral performance.

This view on the design and functioning of bio-
logical systems turned out to be identical to the basic 
provisions of the general system theory used in sys-
tem engineering, on the basis of which a network ap-
proach (sometimes referred to in terms of a neuronal 
network) was constructed. The most striking example 
is the global network known as the internet. Any com-
plex biological phenomenon involving multiple ele-
ments that regulate each other (as seen in the example 
of the genome, transcriptome, proteome, metabo-
lome), can be mathematically represented as a scale-
free graphical network consisting of interconnected 
heterogeneous nodes (Bayes probability theory of 
events). The degree of heterogeneity of the nodes is 
determined by the number of interconnections. The 
nodes of the network having the largest number of 
connections are called nuclei, network centres or 
hubs [3]. The study of biological networks comprises 
the topic of systems biology. It is important to em-
phasise that the links between the elements (nodes) of 
a biological network system contain additional (and 
sometimes extremely important and decisive) infor-
mation. Having mathematically constructed a system 
network from separate heterogeneous nodes, the re-
searcher can detect previously unknown connections 
(phenomena) and thus acquire knowledge about the 
object as a whole. The study of biological network 
systems has led to an understanding of the high resist-
ance of intermolecular intracellular processes to ran-
dom external infl uences. This is explained by the fact 
that most of the external affects apply to small nodes 
with a negligible number of connections, which does 
not violate the integrity of the entire network (for ex-
ample, the random mutation of one of the genes). Of 
course, this rule does not apply to cases of external 
infl uences on the core (hubs) of the network.

P. Sobradillo. et al. [4] explain this network princi-
ple by the following example. It is known that numer-
ous European airports (nodes) are involved to varying 
degrees (number of connections) in the organisation 
of air travel (comprising the network). During the re-
cent emission of ash during the eruption of the Icelan-
dic volcano, many of these nodes were closed down. 
However, the collapse of air transportation came only 
when London Heathrow Airport (hub) ceased to func-
tion. In recent years, the system biological approach 
has been increasingly applied in medicine. By analys-
ing the OMIM online database of hereditary human 
diseases, K.I. Goh et al. [5] established that, out of 
1777 genes studied, 1377 were interrelated. It is ap-

parently the case that many human diseases, although 
having a different clinical phenotype, can share the 
same genes. The “Diseasome” network created by 
the authors was used to establish the existence of 
a large number of connections between cancer and 
neurological diseases at the genetic level. At the same 
time, such connections between metabolic diseases 
and diseases of the skeletal system turned out to be 
less signifi cant at the genetic level. The results of the 
study also showed that two diseases are connected 
in the network to the extent that at least one gene is 
shared in common. In the research based around the 
network created by the authors, obesity was associat-
ed with seven nosologies, among which “nonclassical 
variants” of asthma, lipodystrophy and glioblastoma 
appeared. Thus, one of the new methods (means) for 
studying the relationship between various diseases is 
the formation of networks of their interactions on the 
basis of genetic commonality (common genes), phys-
iology or metabolism. The creation and study of the 
metabolic network of pathological processes made it 
possible to establish comorbidity between diseases 
that previously were considered independent (Fig. 
1) [6]. Recently, the system biological approach has 
been applied to analysing the relationship of diseases 
with a wide variety of clinical phenotypes.

On the basis of an analysis of an electronic data-
base (Medicare), which included more than 30 mil-
lion patients with a variety ofdiseases, C. A. Hidalgo 
et al. [7] developed a network called the Phenotyp-
icDisease Network (PDN); Fig. 2).

Such a scientifi c approachpermitted the estab-
lishment of extremely important facts (bothfrom the 
theoretical and practical points of view): fi rstly, dis-
eases that are distinct in terms ofclinical presentation 
(phenotype) and etiologycan nevertheless be closely 
interrelated. Secondly,the mortality rate of patients 
whose diseaseshad multiple connections in the net-
work was higher in comparison with those who had 
the samediseases, but having fewer connections with 
other pathologies.Thirdly, the diseases that were pre-
cededby other diseases had more connections and 
were characterised by high mortality. Fourth,the pro-
gression of various diseaseswas largely dependent on 
gender and ethnicity. The network approach in medi-
cinecan also be used to assess the impact of social 
factorson the origin of the disease. N.A.Christakis 
and J.H. Fowler [8] used theFramingham database to 
studythe infl uence of social factors on obesity. They 
foundthat the risk ofobesity increased by40% in the 
presence of a genetic predisposition,but increasedby 
171% if the person includedin the study had close 
friendswith obesity.The application of the network 
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Fig. 2. Network of the phenotype of disease (figure from the work of C.A. Hidalgo et al. [7] published in accordance with the editorial 
policy of the journal)

Fig. 3. Network of interrelation of proteins associated with cardiorenal syndrome. The nodes represent by genes (denoted by symbols) 
and the lines represent functional connections between them. Pink-coloured nodes represent proteins that are specific for signals of 
vascular endothelial growth factor (VEGF), leukocyte transendothelial migration or endothelin signalling (figure from I. Muhlberger et 
al. [40] published in accordance with the editorial policy of the journal.
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Fig. 4. System biological approach to the analysis of human diseases

approach in this work revealed the infl uence of the 
social environment on the occurrence of obesity (in 
this connection, we may recall the proverb: “birds of 
a feather…”).

Thus, a systematic biological approach to the 
analysis of human diseases can be realised at various 
levels: subcellular, cellular, organ-, organism- and so-
cial (Figure 4).

When the pathways of intracellular regulation 
become clear, a scale-free network (map) of inter-
molecular interactions is created on the basis of the 
study of the functional activity of the genome, tran-
scriptome, proteome and metabolome (Fig. 3). Such 
a network not only permits an understanding of the 
nature of interactions, but also an identifi cation of the 
main hubs of the system, to which pharmacological 
network infl uences can be directed. A human disease 
network is created by connecting the intermolecular 

network interaction data to the phenotype of the dis-
ease. With regard to human diseases, an alternative 
approach, combining a study of the phenotype of the 
disease and the character of comorbidity with an as-
sessment of the infl uence of external risk factors in-
forming the compilation of a phenotypic disease net-
work, is also possible [9].

The network approach in medicine permits us to 
state that two diseases (with different phenotypes) 
can be closely related to each other if at least one 
commongene is shared or associated with the same 
metabolicpathways or co-expressed in a signifi cant-
number of patients in the population [4, 10, 11].

In clinical nephrology, the most striking example 
of co-expression of two diseases is the combination of 
cardiovascular and renal pathologies, the relationship 
between which has been (and is being) considered by 
a number of researchers at different levels. The most 
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traditional, long-lived and “obstinate” point of view 
consists in an analysis of the relationship between the 
two systems at the level of hemodynamic changes 
caused by cardiac or renal insuffi ciency. The focus 
is on reducing cardiac output in acute [12] or chronic 
[13, 14] heart failure, which causes a decrease in renal 
blood fl ow as well as in the glomerular fi ltration rate 
(GFR). Obviously, such a physiological mechanism 
is present in severe cases of acute heart failure and 
is the cause of acute renal damage (prerenal kidney 
failure). However, in chronic conditions, it is not pos-
sible to ignore the presence of a powerful mechanism 
of a myogenic autoregulation of the renal blood fl ow 
at the level of the arterioles that carry it [15], which is 
able to compensate for violations of central haemody-
namics (low cardiac output and / or reduction in blood 
pressure) for a long time. Over time, when the proc-
esses of autoregulation are disrupted (especially in 
patients with diabetes mellitus), glomerular hyperten-
sion is formed. Hydrodynamic damage of glomerular 
podocytes causes their apoptosis and mopping to the 
capsular space. Sclerosis (focal-segmental glomeru-
losclerosis) is formed in the exposed parts of the 
glomerular basement membrane, which subsequently 
causes local (“glomerular”) hypoxia that damages not 
only the structure of the glomerulus, but also tubu-
lointerstitia, which, as is known, is fed from capil-
laries originating in the glomerulus [16]. In chronic, 
congestive heart failure, there is a more prosaic ex-
planation for the decline in GFR, associated with a 
decrease in transrenal perfusion pressure (AD minus 
the central venous), due to stagnation of blood in the 
circulatory system (as previously understood) or an 
increase in central venous pressure (as is generally 
stated today). Surprisingly, this mechanism is rarely 
considered in serious scientifi c reviews; however, it 
is precisely for this reason that, in the case of conges-
tive heart failure with a decrease in GFR and the pres-
ence of resistance to the action of loop diuretics, the 
most effective therapeutic measures are those leading 
to a decrease in the central venous pressure: vasodi-
lators (nitrates) oxygen therapy, hardware ultrafi ltra-
tion. In former times, bloodletting could be included 

amongst these measures. In those cases when there 
were no irreversible destructive changes in the renal 
parenchyma, the complex of these medical measures 
leads to an increase in GFR, restoration of diuresis 
the “appearance” of sensitivity to diuretics. Obvious-
ly, venous hypertension and renal hyperaemia lead 
to the appearance of morphological changes, such as 
mesangiolysis, which some authors have previously 
suggested to be considered as a specifi c morphologi-
cal criterion of kidney damage in severe heart failure 
[17]. At the present time, when the concept of chronic 
kidney disease has already been developed, there is 
no reason to return to the question of the nosological 
isolation of “cardiac nephropathy” [18]. By examin-
ing cardiorenal relationships at the level of haemody-
namic factors, some researchers were able to propose 
the theory and classifi cation of cardiorenal syndrome, 
which earned its due recognition in the international 
consensus (Table 1) [19].

It is quite understandable that the diversity and 
complexity of the relationship between cardiovascu-
lar and renal systems is not capable of being explained 
in terms of haemodynamic causes. In connection with 
this, the pathogenesis of chronic cardiorenal syn-
drome (type 2) was supplemented by such common 
risk factors for heart and kidney damage as obesity, 
diabetes, dyslipoproteinemia, arterial hypertension, 
oxidative stress and endothelial dysfunction (the so-
called “common soil” hypothesis) [20]. However, in 
addition to pathogenetic discrepancies, the presented 
classifi cation has a number of internal logical contra-
dictions. Essentially, it is necessary to consider each 
of the fi ve types of cardiorenal syndrome as an inde-
pendent pathophysiological condition. It is no acci-
dent that, both in the title of their work and in the texts 
of the articles, the developers of the concept indicate 
cardio-renal syndromes (in the plural!). It remains to 
be seen how conducive to progress or practically con-
venient the introduction of the concept of cardiorenal 
syndrome into nephrology will be. However, for now 
it is possible only to state the diffi culty and ambiguity 
in the interpretation of its types. Thus, some authors, 
in distinguishing the concept of cardiorenal syndrome 

Table 1

Classification of cardiorenal syndrome [19]

Type Name of type Pathogenesis

1 Acute cardiorenal syndrome Acute heart failure, leading to acute renal failure

2 Chronic cardiorenal syndrome Chronic heart failure leading to the development of CKD

3 Acute renocardiac syndrome Acute renal dysfunction (acute renal injury) leading to
development of acute heart failure

4 Acute renocardiac syndrome CKD leading to impaired cardiac function (left ventricular hypertrophy, diastolic 
dysfunction) and to the development of cardiovascular complications

5 Secondary cardiorenal syndrome Systemic disease (e.g. sepsis) leading to heart and kidney damage
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as a whole, unite its 2nd and 4th types (see Table 1) 
on the basis of a single pathogenesis (?!) in the gen-
eral concept of “chronic cardiorenal syndrome”, thus 
contradicting the original classifi cation of syndromes 
[18].

Another level of analysis of cardiorenal relation-
ships was provided from the point of view of remod-
elling the cardiovascular system in chronic renal pa-
thology. This idea of   the cardiovascularis the most 
completerelationship refl ected in the works of N.A. 
Mukhina et al. [21]. For the fi rst time, a renin-angi-
otensin-aldosterone system and generalised endothe-
lial dysfunction were indicated as a link between 
the two pathologies, determining, on the one hand, 
the maladaptive remodelling of the cardiovascular 
system, and, on the other, the progression of renal 
injury (fi brosis). In 2005, we proposed the concept 
of a pathogenetic continuum for explaining the co-
expression and mechanisms of interrelation between 
cardiovascular pathology and chronic kidney damage 
(in the form of chronic kidney disease) in patients 
without primary renal pathology referred to in terms 
of cardiorenal continuum [22].

Among its principal provisions, the following 
should be noted. Firstly, the blurred concept of car-
diovascular pathology has acquired a specifi c defi -
nition in the form of the internationally recognised 
pathophysiological term cardiovascular disease (in 
the singular!), by which is understood the athero-
sclerotic damage of the vessels of various anatomical 
regions (coronary, carotid, cerebral arteries, aorta, pe-
ripheral arteries of the lower extremities). Secondly, 
renal pathology also received a specifi c defi nition in 
the form of chronic kidney disease, a supranosologi-
cal concept, which should be understood as chronic 
damage to the renal parenchyma (irrespective of 
aetiology and pathogenesis) leading to the develop-
ment of renal fi brosis and loss of all essential renal 
functions. Thirdly, based on the principled position of 
the St. Petersburg School of Physiology-Nephrology 
headed by Yuri Natochin, Academician of the Rus-
sian Academy of Sciences, we presented the kidney 
not as a target organ (as was done, for example, in the 
cardiovascular continuum of Braunwald), but as an 
actively functioning organ, the non-excretory func-
tions of which are directly involved in atherogenesis 
– and, consequently, in the pathogenesis of cardiovas-
cular disease itself. Fourthly, dividing the opinion of 
the majority of scientifi c researchers, we emphasised 
the fact that the traditional risk factors for atherogen-
esis (Table 2) simultaneously act as damaging fac-
tors for the renal parenchyma, causing it to develop 
fi brosis. Fifthly, for the fi rst time, based on our own 

research and the literature sources, we proposed the 
(then) hypothesis, according to which damage to the 
renal parenchyma (in the fi rst instance, to the cells of 
the proximal tubule epithelium) as a result of expo-
sure to traditional risk factors leads to a decrease in 
the non-excretory functions of the organ (including 
metabolic, as the most vulnerable). This causes the 
development in the body of metabolic shifts, which 
in classical cardiology are associated with unconven-
tionalatherogenesis risk factors (see Table 2).

Not only did the past six years not result in any 
changes being made to our ideas, but also brought 
new data confi rming our primary hypothesis.

The results of prospective follow-up of more than 
1.5 million representatives of the general population 
of the population fi nally confi rmed the opinion that 
a moderate decrease in GFR (up to 60 ml / min) and 
microalbuminuria (MAU) (more than 10 mg / day) 
is associated with a high risk of general and cardio-
vascular mortality [23, 24]. Moreover, the decline in 
GFR is a “direct” consequence of the degree of se-
verity and prevalence of coronary atherosclerosis [25, 
26].

It is important to understand that a moderate de-
crease in GFR and / or microalbuminuria is nothing 
but markers of kidney damage. The most important 
role in atherogenesis is played by the proximal tu-
bules, the dysfunction of which causes oxidative and 
infl ammatory stresses, hyperhomocysteinemia, an 
increase in the concentration of asymmetric dimeth-
ylarginine (NO antagonist), an increase in the level 
of indoxyl sulphate, a decrease in production of 1.25 
(OH)2D3 etc. [27–32]. Acceleration of atherogen-
esis was noted in polycystic kidney disease in pa-

Table 2

Risk factors for atherogenesis

Traditional risk factors:
• age
• male sex
• diabetes mellitus
• arterial hypertension
• smoking
• obesity
• dyslipoproteinemia
• sedentary lifestyle

Nontraditional risk factors:
• hypergastrinemia
• inflammatory stress (hc_CRP) *
• oxidative stress (ADMA**, AGE***)
• endothelial dysfunction
• protein-energy insufficiency
• indoxyl sulphate
• anaemia
• coagulopathy
• other

Note: * Highly sensitive C_reactive protein; ** asymmetric 
dimethylarginine; *** advanced glycation end-products.
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tients with a completely preserved excretory function 
[33]. The name of the quoted work is noteworthy: 
“... autosomal-dominant polycystic kidney disease: 
from tubular insuffi ciency to defective coronary and 
carotid arteries.” Autosomal-dominant polycystic 
kidney disease is attributed by some authors to the 
prototype of cardiovascular syndrome of the 4th type 
[34]. The pathogenesis of microalbuminuria is cur-
rently associated not with generalised endothelial 
dysfunction, but with damage to podocytes [35] and 
/ or epithelium of the proximaltubules [31, 36]. Of 
course, GFR and microalbuminuria cannot be clas-
sifi ed as highly sensitive markers for chronic dam-
age to the kidney parenchyma; however, they are the 
earliest and only witnesses to the presence of CKD 
available to nephrologists at the present time. It can 
be stated that the kidney is at the same time “the per-
petrator and the victim of atherosclerosis”. The early 
stages of non-obstructive atherosclerosis of the renal 
arteries are accompanied by an increase in the den-
sity and tortuosity of the vascular bed, which appears 
to be a compensatory response aimed at maintaining 
adequate organ perfusion [37]. However, over time, 
such changes cause a decrease in kidney size (renal 
fi brosis) as well as an increase in their dysfunction 
with age [38]. This leads to the conclusion that there 
is practical signifi cance to a patient with atheroscle-
rosis affecting any location if microalbuminuria and / 
or a decrease in GFR is observed since this indicates 
an advanced (and not an initial) stage of atherogen-
esis requiring active treatment. This is why the rec-
ommendations that all patients with cardiovascular 
pathology be systematically screened for the pres-
ence of CKD (control of microalbuminuria and GFR) 
should be given serious attention.

There is no doubt that the system approach cur-
rently being developed for analysing pathogenetic 
relationships in the body, which was discussed at the 
beginning of the article, will highlight new facets of 
the problem; however, it can be said that with com-
plete certainty that its solution will not be found in 
the framework of one of the types of cardiorenal syn-
drome.

The fi rst attempts to establish a systematic ap-
proach to the analysis of cardiorenal relationships 
have appeared in recent years. On the basis of a de-
tailed review of the literature, I. Muhlberger et al. [40] 
established the presence of 280 genes that are impor-
tant in the formation of cardiorenal connections; as 
was to be expected, the genes of the renin-angiotensin 
system took the fi rst place. The non-extensive net-
work of relationships between genes and their prod-
ucts is shown in Fig. 4. It is certain that other works 

based on the system biological approach will appear 
in the near future.

David Galas and Leroy Hood of the Institute of 
Systems Biology in Seattle predict that advances in 
computer technology and their approach to the analy-
sis of complex biological systems in medicine will 
reach a level over the next 5-20 years that will permit 
signifi cant changes to traditional approaches taken to 
medicine [41]. Medicine as a whole – and one should 
think of nephrology as part of it – will become: per-
sonalised, predictive, preventive and participatory; 
i.e. it will acquire the P4 format. 

Until the inauguration of the nephrological P4 for-
mat, we join the opinion of A. Shutov and V.A. Serov, 
who correctly pointed out that “cardiorenal syndrome 
does not completely replace the concept of the “car-
diorenal continuum” but only clarifi es the situation 
concerning cardiorenal relationships in the continu-
um at the stage of development of heart failure” [42].

REFERENCES:

1. Venter JC, Adams MD, Myers EW et al. The seguence of the 
human genome. Science 2001; 291 (5507): 1304–1351

2. Ng A, Bursteinas B, Gao Q et al. Resources for integrative 
systems biology: from data through data bases to networks and 
dynamic system models. Briefings in Bioinformatics 2006; 7 (4): 
318–330

3. Hood L, Rowen L, Galas DJ, Aitchison JD. Systems biology 
at the Institute for Systems Biology. Brief Funct Genomic Proteomic 
2008; 7 (4): 239–248

4. Sobradillo P, Pozo F, Agusti A. P4 Medicine: the future 
around the corner. Arch Bronconeumol 2011; 47 (1): 35–40

5. Goh KI, Cusick ME, Valle D. et al. The human disease net-
work. PNAS 2007; 104 (21): 8685–8690

6. Lee DS, Park J, Kay KA et al. The implications of human 
metabolic network topology for disease comorbidity. PNAS 2008; 
105 (29): 9880–9885

7. Hidalgo CA, Blumm N, Barabasi AL, Christakis NA. A dy-
namic network approach for the study of human phenotypes. PLoS 
Computational Biology 2009; 5 (4): e1000353

8. Christakis NA, Fowler JH. The spread of obesity in a large 
social network over 32 years. N Engl J Med 2007; 357 (4):370–379

9. Tegner J, Skogsberg J, Bjцrkegren J. Multiorgan whole 
genome measurements and reverse engineering to uncover 
gene networks underlying complex traits. J Lipid Res 2007; 48 
(2): 267–277

10. Barabasi AL Network medicine – from obersity to the 
«diseasome». N Engl J Med 2007; 357 (4): 404–407

11. Loscalzo J, Kohane I, Barabasi AL. Human disease classifi-
cation in postgenomic era; a complex systems approach to human 
pathobiology. Molecular System Biology 2007; 3: 124

12. Sarraf M, Masoumi A, Schrier RW. Cardiorenal syndrome 
in acute decompensated heart failure. Clin J Am Soc Nephrol 
2009; 4 (12): 2013–2026

13. Damman K, Navis G, Voors AA et al. Worsening renal 
function and prognosis in heart failure: systematic review and 
metaanalysis. J Card Fail 2007; 13 (8): 599–608

14. Damman K, Navis G, Smilde TD et al. Decreased cardiac 
output, venous congestion and the association with renal impair-
ment in patients. Eur J Heart Fail 2007; 9 (9): 872–878

15. Khavandi A, Greenstein AS, Sonoyama K et al. Myogenic 
tone and small artery remodeling: insight into diabetic nephropathy. 
Nephrol Dial Transplant 2009: 24 (2)): 361–369

16. D’Agati VD. Podocyte injury in focal segmental glomerulo-



ISSN 1561-6274. Nephrology. 2011. Volume 15. №2.

19

sclerosis: lessons from animal models (a play in five acts). Kidney 
Int 2008; 73 (4): 300–406

17. Yoshida H, Yashiro M, Liang P et al. Mesangiolytic glo-
merulopathy in severe congestive heart failure. Kidney Int 1998; 
53 (4): 880–891

18. Кузьмин ОБ. Механизмы развития и прогрессиро-
вания нефропатии у больных сердечной недостаточностью 
с хроническим кардиоренальным синдромом. Нефрология 
2011; 15(2): 20–37 [Kuzmin OB. Mechanisms of nephropathy 
development and progression in heart failure patients with chronic 
cardiorenal syndrome. Nephrology (Saint-Petersburg); 15(2): 
20–37]

19. Ronco C, McCullough P, Anker SD et al. Acute dialysis 
Quality Initiative (ADQI) consensus group. Cardiorenal syndromes: 
report from the consensus conference of the acute dialysis quality 
initiative. Eur Heart J 2010; 31 (6): 703–711

20. McCullough PA. Cardiorenal syndromes: pathophysiology 
to prevention. Int J Nephrol 2010; 2011: 7622590

21. Мухин НА, Моисеев ВС, Кобалава ЖД и др. Кардио-
ренальные взаимодействия: клиническое значение и роль 
в патогенезе заболеваний сердечно-сосудистой системы и 
почек. Тер арх 2004; 6: 39–46 [Mukhin NA, Moiseev VS, Kobalava 
ZhD et al. Cardiorenal interactions: clinical indications and role in 
pathogenesis of cardiovascular and renal disease. Ter Arkh 2004; 
6: 39–46].

22. Смирнов АВ, Добронравов ВА, Каюков ИГ. Кардио-
ренальный континуум: патогенетические основы превентив-
ной нефрологии. Нефрология 2005; 9 (3): 7–15 [Smirnov 
AV, Dobronravov VA, Kayukov IG. Cardiorenal continuum, 
pathogenetical grounds of preventive nephrology. Nephrology 
(Saint-Petersburg);  9 (3): 7–15].

23. Levey AS, de Jong PE, Coresh J et al. The definition, 
classification and prognosis of chronic Kidney disease: a KDIGO 
Controversies Conference report. Kidney Int 2010; (Epub ahead 
of print)

24. Van der Velde M, Matsushita K, Coresh J. et al. Lower 
estimated glomerular filtration rate and higher albuminuria are 
associated with all_cause and cardiovascular mortality. A collab-
orative meta-analysis of high-risk populations cohorts. Kidney Int 
2011; (Epub ahead of print)

25. Смирнов АВ, Седов ВМ, Лхаахуу Од_Эрдэне и др. 
Снижение скорости клубочковой фильтрации как независимый 
фактор риска сердечно-сосудистой болезни. Нефрология 
2006; 10 (4): 7–17 [Smirnov AV, Sedov VM, Lkhaakhuu Od Erdene 
et al. Reduction of the glomerular filtration rate as an independent 
risk factor of the cardio-vascular disease. Nephrology (Saint-
Petersburg) 2006; 10 (4): 7–17].

26. Nakano T, Ninomiya T, Sumiyoshi S et al. Association of 
kidney function with coronary atherosclerosis and calcification in 
autopsy samples from Japanese elders: the Hisayama study. Am 
J Kidney Dis 2010; 55 (1): 21–30

27. Смирнов АВ, Добронравов ВА, Голубев РВ и др. Рас-
пространенность гипергомоцистеинемии в зависимости от 
стадии хронической болезни почек. Нефрология 2005; 9 (2): 
48–52 [Smirnov AV, Dobronravov VA, Golubev RV et al. Incidence 

of hyperhomocysteinemia depending on the stage of chronic 
renal disease. Nephrology (Saint-Petersburg) 2005; 9 (2): 48–52].

28. Schwedhelm E, Bцger RH. The role of asymmetric and 
symmetric dimethylarginines in renal disease. Nat Rev Nephrol 
2011; 7 (5): 275–285

29. Barreto FC, Barreto DV, Liabenf S et al. Serum indoxylsul-
fate is associated with vascular disease and mortality in chronic 
kidney disease patients. Clin J Am Soc Nephrol 2009; 4 (10): 
1551–1558

30. de Borst MH, de Boer RA, Stolk RP et al. Vitamin D defi-
ciency: universal risk factor for multifactorial disease? Curr Drug 
Targets 2011: 12 (1): 97–106

31. Saito A, Kaseda R, Hosojima M, Sato H. Proximal tubule 
cell hypothesis for cardiorenal syndrome in diabetes. Int J Nephrol 
2011; ID 957164

32. Vallon V. The proximal tubule in the pathophysiology of the 
diabetic kidney. Am J Physiol Regul Integr Comp Physiol 2011; 12 
(Epub ahead of print)

33. Turkmen K, Oflaz H, Uslu B et al. Coronary flow velocity 
reserve and carotid intima media thickness in patients with auto-
somal dominant polycystic kidney disease: from impaired tubules 
to impaired carotid and coronary arteries. Clin J Am Soc Nephrol 
2008: 3 (4): 986–991

34. Virsi GM, Corradi V, Panagioton A et al. ADPKD: Prototype 
of cardiorenal syndrome type 4. Int J Nephrol 2011: ID 490795

35. Haraldsson B, Nystrцm J, Deen WM. Properties of the 
glomerular barrier and mechanisms of proteinuria. Physiol Rev 
2008; 88 (2): 451–487

36. Russo LM, Sandoval RM, Campos SB et al. Impaired tu-
bular uptake explains albuminuria in early diabetic nephropathy. 
J Am Soc Nephrol 2009; 20 (3): 489–494

37. Chade AR, Lerman A, Lerman LO. Kidney in early athero-
sclerosis. Hypertension 2005; 45 (6): 1042–1049

38. Bax L, van der Graaf Y, Rabelink AJ et al. Influence of ath-
erosclerosis on age_related changes in renal size and function. 
Eur J Clin Invest 2003; 33 (1): 34–40

39. Vassalotti JA, Stevens LA, Levey AS. Testing for chronic 
kidney disease: a position statement from the National Kidney 
Foundation. Am J Kidney Dis 2007; 50 (2): 169–180

40. Muhlberger I, Moensk K, Bernthaler A. et al. Integrative 
bioinformatics analysis of proteins associated with the cardiorenal 
syndrome. Int J Nephrol 2011; ID809378

41. Galas DJ, Hood L. Systems biology and emerging tech-
nologies will catalyze the transition from reactive medicine to Pre-
dictive, Personalized, Preventive and Participatory (P4) Medicine. 
IBC 2009; 1: 1–4

42. Шутов АМ, Серов ВА. Кадиоренальный континуум или 
кардиоренальный синдром? Клиническая нефрология 2010; 1: 
44–48 [Shutov AM, Serov VA. Cardiorenal continuum or cardiorenal 
syndrome? Klinicheskaya nefrologiya 2010; 1: 44–48].

Received 12.05.2011
Accepted 18.05.2011

Translated by Thomas A. Beavitt



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


