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ABSTRACT

The term acute kidney injury (AKI) has replaced the former acute renal failure (ARF) term. This replacement is dictated by a
number of motives, including an attempt to unify the diagnostic criteria and severity stratification of acute injury / renal dys-
function. In the article, the advantages and shortcomings of contemporary AKI classification schemes are considered. How-
ever, these necessarily reflect not only injury to, but also failure of the organ. Among the promising approaches for optimising
the classification scheme, the distinction of the stage (or addition to the AKI first stage) by the transient detection of AKI bi-
omarkers is discussed, as well as the use of absolute rather than relative alterations of serum creatinine concentration (SCr) for
the severity stratification of this state and the rejection of criteria based on variation in urinary volume. The issues concerning
the AKI classification are relevant due to its wide expansion; this state remains an important reason for the formation and / or

progression of chronic kidney disease and is considered an important determinant of cardiovascular risk.
Keywords: acute kidney injury, concept, definitions, classifications, epidemiology, outcomes.

INTRODUCTION

The term “acute renal injury” (AKI) has entered
the medical lexicon rather recently, having ubiqui-
tously replaced the formerly well-known term “acute
renal failure” (ARF). This replacement is due to sev-
eral circumstances, including the need to unify the di-
agnostic criteria and severity stratification of acute re-
nal injury / dysfunction. At the present time, a number
of schemes for diagnosing, classifying and stratifying
AKI severity have been developed. However, from
our point of view, while remaining ostensibly con-
sistent with the AKI classifications, these schemes
do not fully correspond to the AKI concept. Among
the promising directions that allow such approaches
to be improved are included the expediency of isolat-
ing the stage (or addition to the AKI first stage) by
transient detection of acute kidney injury biomarkers,
the use of absolute rather than relative alterations of
serum creatinine (SCr) concentration for the severity
stratification of this state and the elimination of crite-
ria based on variations in urinary volume. All of these
circumstances will be discussed in detail below.

The constantly increasing incidence of AKI in the
general population has now surpassed 0.25%, making
it comparable with the incidence of acute myocardial
infarction. AKI remains an important factor in the
development both of terminal renal failure and less
severe stages of chronic kidney disease. In addition,
AKI (whether in the short- or long-term) can be con-
sidered an important determinant of cardiovascular
risk. However, despite the continuous improvement
of therapeutic technologies — in particular, the meth-

ods of renal replacement therapy — there have been no
significant improvements in the results of AKI treat-
ment. Thus, with the mortality rate exceeding 70%,
the outcomes of severe AKI variants remain unsat-
isfactory. In this case, even a short-term, transitory
increase of SCr is associated with an increase in the
length of hospitalisation, as well as with an increase
in mortality as time passes. AKI therapy requires huge
material costs, placing a heavy burden on healthcare
financing systems. All this makes us consider AKI as
among the most critical medical and social problems.

A brief history of the AKI issue

Historical sources indicate that in ancient times
humanity was already aware of kidney diseases, clini-
cally manifested by changes in diuresis [1]. A men-
tion of “empty bladder” (ischuria) is even found in
the works of Galen, the great doctor of antiquity (Fig.
1). In 1796 Giovanni Battista Morgagni, the emi-
nent 18"-century anatomist and pathologist, revised
the concept of ischuria, subdividing it into ischuria
urethralis, ischuria vesicalis, ischuria ureterica and
ischuria renalis. The late 19" century works of Ri-
chard Bright, the British founder of modern clinical
nephrology, would later form the conceptual basis for
acute Bright’s disease. Bright’s ideas were developed
not only on the basis of the results of clinical obser-
vations but also morphological studies. A significant
stimulus for the development of acute renal dysfunc-
tion theory was the medical experience gained as a
result of military conflicts. During the First World
War, use of the term trench nephritis, which had ol-
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iguria or even anuria acting as its leading symptoms,
was widespread (see Fig. 1). In 1941, E. Bywaters
and D. Beall reported on four cases of so-called crush
syndrome [2]. They not only presented the features
of the clinical course of this state, but also described
the pathological changes in the kidneys, drawing at-
tention to the presence of pronounced tubular damage
and pigmentary cylinders in the lumen of the renal
tubules. These studies served as the basis for the de-
velopment of the concept of acute renal failure (ARF)
that was to be engrained in medicine for as many as
five decades (see Fig. 1).

However, by the end of the last century, for a
number of reasons discussed in detail below, the con-
cept connoted by the term ARF started to outlive its
usefulness to the nephrological community. Conse-
quently, the fundamentally new concept of AKI pro-
posed in 2004 has by now been adopted practically
universally (see Fig. 1).

Conceptual AKI model

Basic outline of the AKI concept

As noted above, AKI is a relatively new concept,
largely replacing the previously familiar ARF acro-
nym. While, to date, some specialists still apparently
view this replacement as purely terminological, the
reasons for developing the AKI concept are more
fundamental since determined by the developmental
logic of contemporary medicine. The main reason for
creating this concept was the accumulation of infor-
mation that even an insignificant transient increase
in serum creatinine concentration (SCr) is associated
with a sharp increase in mortality. Such an increase
in mortality is observed both in the early and the dis-
tant period. At the same time, the lethal outcome is
far from always determined by the “renal” causes [1,
3-5].

All this allows us to assume that in certain situa-
tions a rather complex system of pathogenetic con-
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nections is activated, leading not only to injuries of
the kidney tissue itself but also to damage of other
organs and systems (Fig. 2).

Such representations formed the basis of the AKI
conceptual model, which, in the presence of an etio-
logical cause and — possibly — predisposing circum-
stances (risk factors), provides for a transition from
“norms” to a possibly lethal outcome (Fig. 3). This
transition is carried out through a number of stages,
many of which are still potentially reversible (see Fig.
3).

In other words, the model reflects the stage-by-
stage formation of this state in close connection with
the development of various extrarenal complications
or AKI manifestations. In this sense, the AKI concept
closely approximates the concept of chronic kidney
disease (CKD) in terms of ideology [6, 7].

In principle, the AKI conceptual model allows
us to regard it as a broader concept than ARF [9]. In
particular, within its parameters should be included
acute kidney dysfunctions, arising, for example, with
glomerular lesions (“acute nephritic syndrome™) [9].
However, the actual “saturation” of this model with
the corresponding clinical algorithms does not lead to
a solution of this problem. Despite protestations, for
example, it fails to provide a solution for acute paren-
chymal kidney damage (“Renal AKI”). Thus, such a
model, despite its complete rectitude, is unlikely to
satisfy nephrologists in principle since existing repre-
sentations appear more “resuscitative” than “nephro-
logical”. Nevertheless, the AKI concept as currently
formulated leaves open many ways for its develop-
ment and improvement. Some of our thoughts and
suggestions on this issue will be discussed later.

Terminological issues in the AKI problem.

In nephrology, as in other fields of medicine, there
are many conditional terms that do not fully reflect
the essence of the pathological processes they char-
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Fig. 1. Historical stages of the development of AKl ideas. According to N. Srisawat et al. [1].
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Fig. 2. Pathogenetic relationships arising during the AKI develop-
ment.

acterise. In the overwhelming majority of cases, these
terms have historical roots for which reason it is not
possible to abandon them. However, when it comes
to the introduction of new terms, especially those
borrowed from foreign literature, it is necessary not
only to know the grammar of a foreign language for
their translation into Russian but also to consider the
term’s semantic burden, since a literal translation is
impossible in most cases.

We already addressed this issue when discussing
the translation of the English term “chronic kidney
disease” into Russian [10]. At that time such trans-
lations as “khronicheskoe zabolevanie pochek”
[“chronic disease of the kidney”], “ khronicheskie
zabolevaniia pochek” [“chronic renal disease”] and
“khronicheskoe pochechnoe zabolevanie” [“chronic

kidney disease”] were used. Today, no one doubts
that the “khronicheskaia bolezn’ pochek™ [“chronic
kidney disease™] version of the translation, which
was proposed by us for the first time in Russia [11],
is the only correct one that reflects the essence of the
“chronic kidney disease” concept proposed by the US
National Kidney Foundation in 2002.

In 2008, a leading article was published in the
Journal of Nephrology, in which the “acute kidney
injury” concept of the international community of
nephrologists was outlined and a translation of this
term into Russian proposed as “ostroe povrezhdenie
pochek” [“acute kidney injury”’] (AKI) [12].

In the same article, criticisms were expressed with
respect to such AKI classifications as RIFLE and
AKIN, and our own variants proposed (Classifica-
tion of the Research Institute of Nephrology of Pav-
lov First Saint Petersburg State Medical University,
2008). Three years later R. Murugan and J. A. Kel-
lum [8] made similar proposals (see below). Recent-
ly, the “acute kidney injury” term has been used by
many Russian-speaking nephrologists in translation
into Russian as “ostroe pochechnoe povrezhdenie”
[“acute kidney injury”]. We consider it necessary to
express our views on such a translation and clarify
our own position on this matter, since the problem is
not in the play of words or in their rearrangement, as
it may seem at first glance, and not even in priorities,
but touches upon the very essence of the “acute kid-
ney injury” concept.

First, from the point of view of the grammar of
the Russian language, “renal” is a consistent defini-
tion in relation to the word “injury”. In other words,
the term “acute renal injury” indicates the acute na-
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Fig. 3. AKI conceptual model. According to R. Murugan, J.A. Kellum [8] with amendments. 1, 2, 3 - stages of damage.
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ture of the already existing kidney injury. However,
the concept of “acute kidney injury” suggests that the
injury can also be extrarenal: prerenal and postrenal.
Some authors distinguish even the stage of pre-prere-
nal injury. If we return to the Russian language and
carefully comprehend the two similar at first glance
phrases: “good road surface” and “good surface of the
road “, it will be difficult to recognise their identity
of meaning. The concept of “acute kidney injury”
states that there is a pathogenic factor called “acute
injury” that can be extrarenal (not only renal), for
example, prerenal or postrenal, and that only then
does it damage the kidney.

Secondly, in judicial practice, when dealing with
contentious issues, one often turns to precedents. The
precedent in medical science of terms is the trans-
lation of such phrases from English into Russian in
other areas. For example, “acute myocardial infarc-
tion” is the acute infarction of myocardium (and not
“acute myocardial infarction”); “polycystic kidney
disease” is polycystic disease of the kidneys (and not
“polycystic renal disease™), etc. Thus, the only cor-
rect translation, in terms of the provisions of the sci-
entific concept itself, is the translation of the English
“acute kidney injury” term into Russian as “ostroe
povrezhdenie pochek”.

Grounds for introducing the AKI concept. RIFLE
classification.

Despite the fact that the ARF concept had been
existing in medicine for about 50 years, many issues
relating to its screening, diagnosis, prevention and
treatment remained unresolved [6,13-19]. A separate
and very serious problem was the lack of generally
accepted approaches to the definition and criteria for
assessing the severity of ARF. For example, in the
English-language literature up until the present time
there have been more than 35 definitions of acute re-
nal failure [6,13-19]. In such a situation, it is impos-
sible to give even a minimal objective assessment of
the results of epidemiological studies or a study of the
outcomes of this state. In particular, the incidence of
ARF, according to a number of developments, ranged
from 1% to 31%, while the mortality rate varied be-
tween 19% and 83% [6,13-19].

ARF was most often defined as a “sudden and per-
sistent decline in kidney function” [14,15]. The main
issues that ensued from this definition remained the
following:

*  What does “sudden” mean?

*  What does “persistent” mean?

*  What is the specific kidney “function”?

Regarding the last question, it should be borne

in mind that the kidney performs a large number of
functions in the body. A significant number of them
ensures the maintenance of relative constancy of the
internal environment of the organism, i.e. homeosta-
sis. The implementation of homeostatic functions is
provided by intrarenal processes: glomerular ultrafil-
tration, tubular reabsorption and secretion, synthesis
of biologically active substances and some others.

Atpresent, many methods have been developed for
evaluating the kidney’s ability to perform a particular
function in humans. However, due to the complexity
and instability of the results obtained, high costs and
organisational problems, the vast majority of these
methods are not applicable in wide clinical practice,
especially in patients with AKI, who are often in a
critical condition [6]. In such patients, in order to as-
sess the severity of kidney injury, it is necessary to
resort to the simplest and easiest methods for the pa-
tient and staff, such as measuring the volume of urine
(diuresis), serum creatinine concentration (SCr) and,
in some situations, creatinine clearance rate (CCR).

In any case, the intolerance of the current situa-
tion with regard to the definition and stratification of
the ARF severity required some solution that would
correspond to contemporary ideas about the physiol-
ogy and pathophysiology of the kidneys and, most
importantly, the possibilities of real clinical practice.
An attempt to find such a solution was made by the
groups of experts of Acute Dialysis Quality Initiative
(ADQI), and later by Acute Kidney Injury Network
(AKIN). As noted above, the results of the work of
these expert groups turned out to be largely similar
to the results of the activities of the participants of
K/DOQI and KDIGO committees who developed
the concept of chronic kidney disease and proposed
principles underpinning the severity stratification of
this state [16, 17]. Thanks to the efforts of a number
of experts, this concept has earned recognition in our
country [11, 20-22].

As noted above, ADQI experts rightly believed
that the diagnosis of acute renal failure (currently
AKI) should be based on simple indicators, accessi-
ble to any medical institution. It should be borne in
mind that the amount of urinary volume (diuresis) is
an integral but rather unspecific characteristic of the
functional state of the kidneys, since it depends on a
number of extrarenal and renal factors. In this case,
the mechanisms of final urinary volume formation
are completely different [23]. However, while diure-
sis is reduced below the necessary minimum in adult
people, oliguria (the secretion of less than 5 ml of
urine per kg of the body mass during the twenty-four
hours) is developed in a patient [15]. The appearance
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of oliguria is the unequivocal sign of severe kidney
damage [14,15]. In addition, during AKI, changes in
urinary volume may appear long before the other con-
ventional markers of renal dysfunction (such as SCr
[6]) will respond.

We assume that the role of urinary volume as a
criterion for the AKI diagnosis and severity will be
returned to when discussing the current classifica-
tions of this state.

Serum creatinine concentration and creatinine
clearance are the most common clinical tests of the
functional kidney state in clinical practice. In general,
these factors reflect the value of the glomerular filtra-
tion rate (GFR). Despite their serious shortcomings
and significant limitations, there are no alternatives
to these parameters for the assessment of renal func-
tion under clinical acute situations (especially SCr)
[15]. At that, it must be considered that the possibility
of using more reliable methods of GFR determina-
tion associated with the introduction of exogenous
glomerulotropic markers (inulin, polyfructosan,
EDTA, DTPA, X-ray contrasts) is close to zero in pa-
tients with AKI, especially those in critical condition,
due to the complexity, labour-intensity, duration and
high costs [15].

Nevertheless, when assessing the GFR level using
the level of serum creatinine in patients with AKI, it is
necessary to consider the effect of a number of factors
on the value of this indicator. Among such factors, the
accumulation of fluid in AKI patients can be one of
the most significant. In this regard, attempts are being
made to develop adjustments to the SCr values that
take the latter circumstance into account. As was to
be expected, the results of such studies suggest that
the use of uncorrected SCr values may significantly
underestimate the severity of kidney damage in AKI
patients [23]. Nevertheless, at the level of current rec-
ommendations, these approaches have yet to receive
any significant support.

At the same time, attempts to find better, but sim-
ple and inexpensive ways of assessing GFR in AKI
patients are continuing [25]. Thus, in acute clinical
situations, the use of the modified CCR evaluation
method was suggested by R. Jelliffe [26, 27], which
does not require the collection of urine. The results
of the undertaken analysis showed that this method
of GFR estimating during AKI significantly better
corresponds to the results of the CCR determination
than the methods of D.W. Cockcroft, M.H. Gault or
MDRD (Modification of Diet in Renal Disease).

It is possible that cystatin C may be a more re-
alistic alternative to SCr or creatinine clearance in
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the future. There is also evidence that, during AKI,
the serum level of cystatin C may surpass SCr as the
early detector of GFR reduction [13, 18]. However,
from the clinical standpoint, the place of cystatin C as
a severity index of renal dysfunction, both with acute
[13] and chronic [19, 28] renal damage, is not defini-
tively determined at present.

However, in the practice of managing patients
with AKI, the need to accurately determine the GFR
value is rather rare. It is much more important to be
able to predict whether kidney function will tend to
remain stable, improve or worsen. In such a situation,
SCr measurements are a perfectly acceptable clinical
test [15].

Currently, the literature discusses the possibil-
ity of using some other substances (biomarkers) at
least for forecasting the development and outcomes
of AKI. Their role in the contemporary diagnosis of
AKI requires a separate discussion and will not be
considered here.

ADQI experts suggested the following defini-
tion of AKI as “sudden and persistent decline in
glomerular filtration or urinary volume or both
together” [15]. In this case, the renal dysfunction,
which exists even for more than 1 month, can be
treated as “acute”. Usually the AKI development oc-
curs within 1-7 days. The criterion of dysfunction’s
“persistence” is its registration during 24 hours or
more [15].

Considering the problem of definition and severity
stratification of AKI, ADQI experts proceeded from a
number of principles:

* Changes in kidney function should be counted
from a certain basal level;

* The possibility of an acute impairment of kid-
ney function in patients with already existing chronic
renal dysfunction should be considered (“AKI on
CKD”);

* Criteria for diagnosis and severity assessment
AKI should be easily applicable in various clinical
centres;

* Sensitivity and specificity of these criteria should
be determined.

The system according to such criteria is referred to
using the RIFLE abbreviation: Risk, Injury, Failure,
Loss (of kidney function), ESKD (end stage kidney
disease, i.e. terminal renal failure) (Table 1).

This classification system includes separate crite-
ria for creatinine and urinary volume (UV). Consid-
eration should be given to the values of the criteria
that lead to the selection of the most severe class of
kidney damage. It should be borne in mind that with
an initially elevated serum creatinine concentration,
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the RIFLE-F class is also diagnosed in cases where
the increase in SCr does not reach a threefold excess
above the basal level. In such a situation, increase in
SCr should be more than 44 pumol/l per day, up to
the values of this parameter over 354 umol/L. The
RIFLE-FC designation should be used in the case
of “AKI on CKD”. Similarly, if F class is diagnosed
on the basis of UV-criteria, the RIFLE-FO designa-
tion should be applied in the presence of oliguria
[6,14,15].

Among the above-mentioned principles of AKI
severity stratification, attention should be paid to the
“basal level” of kidney function. This mainly relates
to the problem of GFR estimation. In the vast ma-
jority of cases in patients with suspected AKI, the
baseline levels of neither SCr nor GFR are known.
In this connection, a simple and original solution is
proposed. As noted above, in practice, in order to es-
timate GFR during AKI, it is really possible to use
the SCr value, which, in turn, depends on a number of
extrarenal factors. Knowing the values of these fac-
tors, one can calculate the creatinine concentration
serum values. The basis for such calculations was the
results of the well-known study “Modification of Diet
in Renal Disease (MDRD)”. Recall that in this devel-
opment, a number of empirical formulae have been
derived to allow the GFR level to be calculated with
some degree of reliability, based, for example, on
the values of serum creatinine concentration, as well
as the age, sex and ethnicity of the patient (“short”
MDRD formula) [16]. Obviously, however, if GFR
value is known (or preset), the inverse problem of the
calculation of SCr value corresponding to a certain
GFR level can be solved. Such a preset GFR level
was assumed to be 75 ml/min [15]. The motives for
choosing such a value are determined, at least, by the
fact that the probability of cardiovascular risks in-
creases significantly with a GFR decrease lower than
this value [29, 30].

In practice, especially when managing AKI pa-
tients who are typically in severe or critical condi-
tions, doctors generally do not have enough time to
make such recalculations. Therefore, a table has been
compiled to allowing quick orientation to the proper
initial SCr values (Table 2).

Another important problem is the acute deteriora-
tion of kidney function in patients with pre-existing
renal pathology (“ARF on CRF”, “AKI on CKD”).
It is not always easy to get an unambiguous answer
to the question as to whether there is a given state.
This is especially true when (as is often the case in
practice) the initial level of SCr is unknown. The
calculated basal value of serum creatinine (Table 3)
will not help much here either, since it can be very
different from the actual value. Moreover, it is im-
possible to be guided by the relative increase in SCr
alone. Therefore, in such situations, one must rely on
a combination of relative and absolute criteria. Nev-
ertheless, the increase in SCr at least 44 pmol/l per
day to a level above 354 umol/l may serve as a basis
for identifying patients with AKI who did not initially
have normal serum creatinine levels [15].

As the results of a number of studies have shown,
the RIFLE criteria system has proven itself in prac-
tice, at least in terms of predicting outcomes in pa-
tients with AKT [13,14,18].

AKIN / KDIGO classifications of AKI.

When using the RIFLE system, nephrologists are
faced with a number of problems. As already indicat-
ed above, it has been shown that even minimal chang-
es in SCr (less than 44 pumol/l) are associated with
an increase in mortality among hospitalised patients.
In addition, there were certain difficulties in assess-
ing the severity of kidney damage at a particular time
in a particular patient. For example, with increasing
serum creatinine concentration, it was possible to de-
tect the AKI stages from R to F in the patient [18].

Table 1
RIFLE classification
Class GFR criteria Diuresis criteria Specificity/
sensitivity
R (risk) Increase of SCr x 1.5 or GFR decrease more | <0.5 ml/kg/h x 6 h High
than 25% sensitivity
I (injury) Increase of SCr x 2 or GFR decrease more than | <0.5 mil/kg/h x 12 h
50%
F (failure) Increase of SCr x 3 or GFR decrease more than | <0.3 ml/kg/h x 24 h or anuria x12 h | High
75%, specificity
or SCr > 4 mg/dl (> 354 umol/I) with a rapid
increase> 0.5 mg/dl (> 44 umol/I)
L (loss of kidney function) Persistent ARF = complete loss of kidney function> 4 weeks
E (end stage kidney disease) | Terminal renal failure > 3 months
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Table 2
Estimation of the “basal” values of SCr, umol/I,
corresponding to the GFR values

of 75 ml/min/m:
Age, years Men Women
20-24 115 88
25-29 106 88
30-39 106 80
40-54 97 80
55-65 97 71
>65 88 71

Finally, we emphasise a very important feature from
our point of view. As noted by the developers, “cri-
teria for ARF [RIFLE criteria, auth.] can be ap-
plied to all forms of acute renal failure in patients
in critical conditions, with the exception of pri-
mary kidney diseases such as glomerulonephritis”
[15]. It is clear that this approach, although justified
by the positions of the ADQI experts, cannot satisfy
the nephrological community, since it excludes from
consideration a large amount of acute renal damage
that occurs against the background of primary paren-
chymal pathology (renal AKI).

During the discussion of the existing problems by
the participants of the ADQI group, the representa-
tives of three nephrological associations (ASN, ISN
and NKF) and the European Society of Intensive
Care Medicine proposed the concept of “acute kid-
ney injury” (AKI) at the meeting in Vicenza (Italy)
in 2004. At the same time, AKI was considered to be
a broader concept than the actual ARF [31]. In the
same place, a group of experts from various special-
ties of the Acute Kidney Injury Network (AKIN) was
established in order to conduct further development
of the AKI problem.

The first results of the activity of this group were
published in 2007 and touched upon the issues of
specification of diagnostic criteria and severity strati-
fication of AKI [9]. At the same time, a definition and
a new classification of AKI were proposed, which
were later modified by KDIGO [7] (see Table 3).

AKI was defined as having one of the following
criteria:

« accretion of SCr for > 0.3 mg/dl (>26.5 umol/l)
during 48 hours

or

« accretion of SCr for >1.5 times from the initial,
when it is known or assumed that occurred within 7
days

or

¢ Urinary volume <0.5 ml/kg/h during 6 hours.

At the same time, at least a two-time determina-
tion of SCr is required within 48 hours.

This system, based on changes in SCr and/or uri-
nary volume, is largely similar to the RIFLE system,
but still differs from it with respect to a number of
features. L and E classes in the RIFLE system are de-
rived from this classification and are considered as
outcomes of acute renal damage. At the same time,
the R category in the RIFLE system coincides with
the criteria for the diagnosis of the 1st stage of the
AKI in the AKIN or KDIGO system, and I and F RI-
FLE classes correspond to the 2nd and 3rd stages ac-
cording to AKIN or KDIGO.

It should be noted that, when it first appeared,
the KDIGO system was the subject of a number of
interesting, sometimes critical comments from vari-
ous nationally-based nephrological communities.
Thus, the experts from the US Kidney Disease Out-
comes Quality Initiative (KDOQI) noted two very
interesting points [68]. Firstly, they pointed to low
informative criteria based on the diuresis level for di-
agnosing and severity-stratifying the AKI, at least for
adults. If the appropriate calculations are made, then,
for the 1st stage of AKI (minimum 0.5 ml/kg/h for 6
hours) per day in a person with a body weight of 70
kg, the volume of urine should be 840 ml. Such di-
urnal diuresis, generally speaking, is quite sufficient
for deducing the necessary quantity of osmotic active
substances and therefore it can hardly be regarded as
oliguria. In addition, a diuresis of about 800 ml/day
is quite a frequent value for women consuming little
liquid and, accordingly, releasing a small quantity of
highly concentrated urine. Secondly, KDOQI experts
dispute the prognostic and diagnostic significance of
minor changes in SCr on the basis of a lack of suf-
ficient reliability of the studies confirming this [32].

Table 3
AKI stages [KDIGO, 2012]
Stage SCr The volume of excreted urine
1 1.5-1.9 times higher than the initial or increasing for >0.3 mg/dl (>26,5 umol/I) | <0.5 ml/kg/h for 6-12 hours
2 2.0-2.9 times higher than the initial <0.5 ml/kg/h for > 12 hours
3 3.0 times higher than the initial or increasing for >4.0 mg/dl (>353.6 pmol/l), | <0.3 ml/kg/h for >24 h or anuria for>12 h
or the beginning of the renal replacement therapy, or in patients <18 years, a
decreasing in rGFR to <35 mL/min at 1.73 m2
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The general conclusion of KDOQI experts concern-
ing KDIGO system looks rigid enough. In general,
they did not find this classification system suitable
for clinical practice. Moreover, they stressed that the
diagnosis of AKI cannot be based only on the KDI-
GO system and that the choice of managing tactics
should be based, first of all, on clinical manifesta-
tions [32].

It is necessary to agree with these provisions in
many respects. In addition, from our point of view, the
KDIGO system (as well as in the RIFLE and AKIN
classifications) contains a number of other shortcom-
ings, some of which we have already paid attention
to, and others that we will try to consider. Neverthe-
less, one must keep in mind the following. Although
the KDIGO system is far from ideal, it gives the doc-
tor some general guidelines in the diagnosis, severity
stratification and tactics of managing patients with
AKI. Moreover, it requires the doctor to pay attention
to the kidney function of the patient and, especially,
maintain alertness to possible changes in their condi-
tion after any effects, including medical ones. Unfor-
tunately, as many nephrologists know, some of our
colleagues do not pay enough attention even to the
magnitude of a minute diuresis, and we sometimes
receive patients in an extremely severe condition,
when, however, the timely adoption of fairly simple
measures could prevent such cases. Thus, the KDI-
GO classification has an important preventive value.
Therefore, the AKI concept and its severity stratifica-
tion occupy a place in medicine that is close to the
CKD concept although it remains to be regretted that
many of the provisions of the KDIGO Recommenda-
tions on AKI in actuality appear to be unnecessarily
formalised.

Acute kidney disease.

AKI and CKD were identified by independent
development teams, according to different criteria.
There are situations that do not meet the criteria of
either CKD or AKI, but they require attention.

For these reasons, a group of developers [KDIGO]
found it necessary to propose the definition of acute
kidney diseases and disorders (AKD). At the same
time, the following definition and the criteria for
AKD were proposed [7].

Definition of AKD:

1. Functional criteria

AKI presence

or

GFR reduction <60 ml/min/1,73 m 2 during

<3 months

or

GFR reduction >35%

or

Increase of SCr >50% during <3 months.

2. Structural criteria

Signs of the kidney damage during <3 months.

It remains obscure in what sense the isolation of
this concept is expedient and consequently what role
it will be able to take up in contemporary medicine.
However, one cannot fail to recognise the logic in this
approach.

Modified AKI classification systems.

Again, the KDIGO classification system (as well
as the RIFLE and AKIN systems) is still focused on
patients with acute secondary kidney damage. In fact,
it is a system of severity stratification of the acute
renal dysfunction (possibly even only acute tubular
necrosis), but does not cover cases of acute renal dam-
age on the background of their primary parenchymal
diseases. This, in our opinion, is at odds with the very
concept of AKI. This view seems to be shared by the
authors of the chapter on acute kidney injury in the
manual edited by B.M. Brenner [33], as well as by
some other researchers of this problem. For example,
S.S. Waikar et al. [13] noted in their very thorough
work that “decrease in GFR is not always observed
even in cases of severe parenchymal renal damage
[highlighted by us, auth.]”. At the same time, “the re-
duction of GFR can occur in situations without appar-
ent [renal — auth.] pathology, in particular, in certain
variants of “prerenal azotemia”. It follows that the
replacement of the usual ARF term for the AKI may
not have a significant meaning, because the diagnos-
tic criteria of AKIN or KDIGO are built on purely
functional parameters”.

It’s hard to disagree with this. As already noted
in the section on the AKI conceptual model, the
“saturation” of the model with specific clinical
content (whether using the RIFLE, AKIN or KDI-
GO systems) does not fully encompass the concept
itself since the actual data continue to conform to
ARF and not AKI classifications and as such do
not adequately meet the objectives of nephrology.
For example, with the whole series of parenchymal
diseases of the kidneys, the organ can be overtaken
by acute processes, leading to the appearance of signs
of damage (e.g., microalbuminuria or even proteinu-
ria, especially when evaluated by rather rough criteria
such as diuresis or SCr), but not significantly impact-
ing the renal function. In the future, this process has
the potential to be more or less successfully resolved.
In our opinion, it is unlikely that anyone will assert
that no AKI is present in this situation. At the same
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time, it will not be diagnosed from the positions of
RIFLE, AKIN or KDIGO systems.

At one time, we proposed minor changes to the
AKIN classification system, which, in our opinion,
could resolve the above contradictions. [12]. Firstly,
we proceeded from the fact that a clearly-worded
specification of the AKI definition is yet to be pro-
posed by the developers of this concept [9]. We pro-
posed to understand AKI as an acute (hours, weeks),
potentially reversible injury of the renal paren-
chyma of various aetiology and pathogenesis with
or without decrease of excretory renal function.
Secondly, we considered it appropriate to separately
consider the AKI risk factors. Thirdly, in our opinion,
it made sense to single out as the first stage of AKI
the conditions characterised by a transient presence
of kidney damage markers, and to supplement the in-
terpretation of the stages by GFR changes. Fourthly,
we considered that it is worthwhile to consider the
AKI outcomes separately.

It is worth noting that following the publication
of our proposals, similar initiatives were made by R.
Murugan (2008) and J.A. Kellum (2011) [8]. How-
ever, in our opinion, the proposed AKI classifica-
tion model represents, in a certain sense, “one step
forward, two steps back”. For example, by entering
into the system the criteria of “damage”, based on the
assessment of the biomarker levels, they proceeded
from the RIFLE system, preserving the notorious
“risk” category, which, in their opinion, should be re-
garded as insignificant increase in serum creatinine
levels or decreased diuresis.

As noted by the very authors who proposed the
AKIN system (we recall that the KDIGO system is a
minor modification of the AKIN classification), it is
not ideal and possibilities for its clinical use should be
tested in further studies. Although the results of some
of them have already been published, it seems to be
too early to give them a final assessment [34, 35].

However, the results of subsequent developments
allow us to look a little differently at the problem of
determination, severity stratification, diagnostics and
AKI differential diagnostics. S.S. Waikar and J.V.
Bonventre [36] conducted a mathematical analysis of
the SCr dynamics, depending on the initial state of
renal function (CKD stage), using two-compartment
and one-compartment clearance models. As a result
of their development, they concluded that AKI sever-
ity stratification should be guided not by relative, but
by absolute SCr changes over time.

The results obtained by S.S. Waikar and J.V. Bon-
ventre [36] lay behind our decision to conduct our
own analysis of this problem. In this case, unlike our
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American colleagues, who used the generally accept-
ed speculative and average data on the volumes of
fluid spaces of the body, the rate of creatinine produc-
tion, etc., we were able to refer to information detail-
ing the amount of extracellular fluid volume (defined
by the space distribution 0f99mTc- DTPA) and daily
creatinine excretion in 55 patients with different stag-
es of CKD [37].

As expected, the results of our calculations fully
confirmed the ideas (which have already become
almost classical) that under the accepted conditions
(stability of production, volume of extracellular fluid
and GFR after its sharp decrease) and after a certain
time, SCr reaches a “plateau”. At the same time, the
level of excretion of this metabolite is gradually re-
stored to the initial level (due to the growth of SCr,
despite the persistent decline in GFR). In other words,
in this case, the balance between creatinine produc-
tion and excretion is restored at higher concentration
values of this metabolite in blood serum.

Next, we calculated the average absolute and rela-
tive changes of SCr per day, starting from the initial
state of kidney function (CKD stage). With this meth-
od of analysis, it turned out that the increase in aver-
age expected absolute values of SCr do not depend
on the initial state of the kidney function (CKD
stage), whereas the daily average values of AScr%
in patients with III-IV CKD stages are significant-
ly lower than in patients with slightly disturbed
initial kidney function. In any case, both our data
and the results of our American colleagues regarding
the absolute and relative increases in serum creatinine
concentration, as well as the rates of its growth after
a sharp instant GFR decrease in patients with chronic
pre-existing renal dysfunction, required verification
in direct clinical observations.

To date, at least one other such study has been car-
ried out by Brazilian specialists, whose results turned
out to be quite interesting, although in some ways
predictable. In this investigation, a cohort of 584 pa-
tients with myocardial infarction, of which 34.1%
initially had signs of CKD, was carried out during the
first 7 days of observation in the hospital. The diag-
nosis of possible AKI was established both using the
KDIGO criteria and by the system of S.S. Waikar and
J.V. Bonventre. It was found that, in general, AKI,
when diagnosed according to KDIGO criteria, is de-
tected significantly more often than when according
to the parameters proposed by the researchers from
the United States (25.7 vs 18.0%, P <0.001). At the
same time, the KDIGO system reliably detected AKI
in patients who did not have CKD. On the other hand,
the criteria based on creatinine kinetics were better
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than KDIGO for the AKI diagnosis in patients with
pre-existing CKD [38]. The latter was to be expected,
since such systems were developed precisely for the
purpose of revealing “AKI on CKD”. Nevertheless,
the results of this study, as well as a number of others,
including those cited in this chapter, indicate that the
optimal system for diagnosing and severity stratify-
ing the AKI has not yet been created. Moreover, even
the latest proposals by KDIGO in this direction do not
solve all problems.

Epidemiology of AKI

As a consequence of differences in definitions,
classifications and populations of patients studied,
the prevalence of AKI is difficult to assess. Data on
the incidence of AKI may differ significantly if de-
tected in the general population, among hospitalised
patients, or in patients in intensive care units (ICUs)
[39].

AKI in the general population.

Estimating prevalence and incidence of AKI is the
most difficult task. Population studies give very con-
tradictory results. The total incidence of AKI varies
from 140 to 2880 cases per million of population per
year. At the same time there is an increase in the inci-
dence rate by 400% from 1988 to 2002 [40].

More uniform results are obtained by only consid-
ering cases of AKI requiring dialysis (Table 4) [41-
45].

Non-hospitalised (or “extramural”) AKI may also
occur in the context of mass disasters such as wars,
earthquakes and other causes of crush syndrome [46].
In developing countries, “herbs” (traditional medi-
cines) and infections remain the most common etio-
logical factors of AKI [47,48]. In any case, the inte-
grated research results of recent years unequivocally
confirm that AKI is a large-scale, worldwide medi-
cal and social problem. The incidence of AKI in the
general population reaches 0.25% [49, 50], which is
comparable with the incidence of acute myocardial
infarction [51]. In this case, the number of AKI cases
is continuously growing. For example, in the United
States, the AKI detection rate has increased from 61

cases per 100 000 population in 1988 to 288 per 100
000 population in 2002. When only the AKI cases
that required RRT were considered, a growth from
0.03% in 1988 to 0.20% in 2002 was recorded. In the
conversion to actual population, this incidence corre-
sponds to a rate of increase from 4 cases per 100,000
population in 1988 to 27 cases per 100,000 popula-
tion in 2002. [52]

In-hospital AKI

The incidence of in-hospital AKI is approximately
5-10 times higher than that of extramural, despite
studies of in-hospital AKI underestimating their true
frequency. This underestimation is due to the fact that
in some cases (for example, patients in the terminal
state), there is no AKI screening and no treatment
measures are undertaken [39]. Currently, there is a
large number of studies, sometimes carried out on a
huge number of observations, in which the incidence
and prevalence of in-hospital AKI was assessed [52-
58]. Sometimes the data of such studies are difficult
to compare because of the arbitrariness of the AKI
criteria chosen by these or that authors. In this con-
nection, we attempted to compile a brief table reflect-
ing the incidence and mortality rates of in-hospital
AKI, where only modern RIFLE or AKIN classifica-
tion and diagnostic systems were used to detect it. At
the same time, only the minimum and maximum val-
ues for morbidity and mortality given by individual
researchers are considered (Table 5). Analysis of this
table leads to a number of speculations. It turns out
that with the same aetiology, morbidity and mortality
can differ by several times. Clearly, it is necessary
to consider differences in the severity of the patients’
conditions, which cannot be discussed in detail here.
However, it seems to us that these data largely
reflect the imperfection of both classification sys-
tems. In our opinion, they do not succeed in fully
providing an opportunity for the diagnosis of AKI
or an assessment of its severity. It is unlikely that
this problem can be solved using the KDIGO clas-
sification, which only represents a minor modifi-
cation of the AKIN system. Therefore, this issue
needs further development.

Table 4

Prevalence of AKI requiring renal replacement therapy (RRT) in the general population

Authors: Country, region Prevalence, patients per million population
per year

C.Y.Hsu et al. [41] Northern California, USA 295

T. Alietal. [42] Grampian, Scotland 183

W. Metcalfe et al. [43] Grampian, Highland, Tayside, Scotland 203

G.J. Prescott et al. [44] Scotland 286

F. Liano, J. Pascual [45] Spain 209

17



ISSN 1561-6274. Nephrology. 2014. Volume 18. Ne2.

AKI in patients in critical conditions

Severe AKIs requiring admission to an inten-
sive care unit (ICU) are observed in 11 patients per
100,000 population per year. These “critical” pa-
tients account for up to 30% of all ICU hospitalisa-
tions, with the majority of them being admitted with
multiple organ dysfunction syndrome [59-62]. If we
use more “liberal” criteria for RIFLE, then we can
assume that approximately two thirds of patients in
the ICU suffer an episode of acute renal dysfunction
[14]. AKI was detected in a shocking 67% of pa-
tients, with 12% of them categorised as the highest
R (risk), 27% I (injury) and 28% F (failure) classes.
Of the 1510 patients who were first categorised as
R class, 56% progressed further to I or F class. The
most common factors contributing to the AKI devel-
opment were prerenal causes and sepsis. Approxi-
mately 30% of patients had pre-existing renal dys-
function [59-62]. The results of some studies sug-
gest that an estimate of the AKI incidence detection
of 36% in patients admitted to ICU is quite realistic
[35]. However, these data are more like the “average
temperature for hospital”. Firstly, as noted above,
the severity level of AKI can vary. Secondly, AKI
is a dynamic state and its functional class or stage
may change during the period observation. Thirdly,
the results of AKI diagnosed in patients in critical
conditions summarised in a recent paper by J. Case
et al. [40] were dependant on the RIFLE or AKIN
actiological criteria used (see Table 5). As already
indicated earlier, both morbidity and mortality in
AKI may vary quite extensively depending on the
different aetiologies. Both the prevalence of more
aggressive therapeutic and surgical technologies and

population aging, leading to an increase in the co-
morbidity of the pathology, have been offered as an
explanation for the increasing incidence of AKI in
both developed and developing countries [63].

AKI outcomes and prognosis

AKI initial outcomes and short-term prognosis.

The initial results of the international observa-
tional study of patients in critical condition with AKI
made for depressing reading. Mortality in the ICU
was 52%, with another 8% of patients dying in trans-
fer from the ICU, combining to form a general in-
hospital mortality rate of 60.3%. Meanwhile, 13.8%
of the survivors would require dialysis [60]. The in-
crease in the RIFLE class correlated with the increase
in mortality of patients [14, 61, 76, 77]. At the same
time, according to the results of multifactor analysis,
each class was independently associated with hospital
mortality [35].

In this regard, the results of a recent study carried
out in Taiwan, which examined the mortality of pa-
tients with AKI after surgical interventions depending
on the timing of RRT initiation, are of great interest.
The study included 648 patients who were divided
into three groups: those with early initiation of RRT
(EIRRT, a day or less from the time of admission to
the ICU), standard initiation (SIRRT, 2-3 days) and
late initiation (LIRRT, more than 4 days). The obser-
vation period was limited to 180 days. Deaths occur-
ring during this period were considered as in-hospital
— 379 patients (58.5%) died during hospitalisation.
The probabilities of occurrence of death and in-hos-
pital mortality in the three studied groups were de-
scribed by a U-shaped curve [78].

Table 5

Morbidity and mortality from AKI, classified by RIFLE or AKIN systems

(adapted according to J. Case et al. [40])

Population frequency (%) | Sources Mortality, Sources
of patients AKI definition (%), AKI definition
Mixed 10.8-67.2 D.N.Cruzetal. |E.A.J. Hoste et|7.1-72.6 T. Mandelbaum | H.R. Samimagham
(RIFLE-RIFLE) |[62]* al. [14] (AKIN-AKIN) etal. [64] etal. [65]*
Sepsis 36.1-65.8 S.M. Bagshaw |N. Lerolleetal. |24.2-62.8 S.M. Bagshaw N. Lerolle
(RIFLE-RIFLE) |etal. [35] [66] (RIFLE- etal. [35] et al. [66]
RIFLE)
Burns 26.6-53.3 S.G.Cocaetal. |T Palmierietal. |7.6-34.4 S.G. Cocaetal. [T Palmieri
(RIFLE-RIFLE) | [67] [68] (RIFLE- [67] etal. [68]
RIFLE)
Injury 18.1-50 S.M. Bagshaw |E. Gomesetal. [8.2-16.7 E. Gomesetal. |S.M.Bagshaw
(RIFLE-RIFLE) |etal. [35] [69]* (RIFLE- [69]* etal. [35]
RIFLE)
CIN (contrast-in-|11.5-14 A.H.Rashid etal. | K. Lakhal et al. 18-31 K. Lakhal et al. A.H. Rashid
duced nephropa- | (RIFLE-AKIN) [70]* [71]* (AKIN-RIFLE) [71]* etal. [70]*
thy)
Cardiac 16.7-54 G. Mariscalco G.U.Rohetal. |1.3-12.6 L. Englberger M.D.N. Machado
surgery (RIFLE-RIFLE) |etal. [72] [73] (RIFLE-RIFLE) etal. [74] etal. [75]
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To date, despite the increasing effectiveness of
technologies for supporting such patients, the ques-
tion as to whether the AKI outcomes have actually
been improving over the past decades remains out-
standing. According to one analysis, it can be as-
sumed that the outcomes in patients with AKI, which
required RRT, have actually been improving for more
than a decade [57,79]. On the other hand, the results
of other researchers suggest that the mortality rate
among patients with AKI who needed RRT has re-
mained more or less constant throughout 1970-2004
[80]. It should be noted that it is not only changes
in the quality of technologies for managing patients
with AKI that are difficult to compare the when ana-
lysing the results of studies carried out at different
times. It is also necessary to bear in mind that the
initial characteristics of hospitalised patients have
changed over time. AKI patients who received RRT
recently became more “severe”, older and suffering
from a combined pathology. One way or another,
the KDIGO experts concluded that the mortality in
AKI is, in fact, somewhat lower [39]. However, in
any case, the presence of AKI is associated with an
increase in the patient’s length of stay (LOS) in the
hospital by 2 bed-days and the need for subsequent
short- or long-term care.

AKI long-term outcomes.

The long-term outcomes of AKI have been less
thoroughly studied than the short-term ones. Recent-
ly, the relationship between the presence of AKI and
mortality after a long period following various car-
diac surgical interventions from 1992-2002 was ret-
rospectively analysed. When evaluated on the basis
of the RIFLE classification, survival rates were worse
in patients with AKI in proportion to its severity [81].
According to a major analytical review on the risk
of developing adverse AKI outcomes during at least
6 months following discharge from hospital, it was
found that the mortality rate was 8.9 deaths per 100
person-years in AKI survivors and 4.3 deaths per 100
person-years in patients without AKI. In patients with
AKI, the cardiovascular risk was significantly high-
er. For example, myocardial infarction developed in
15.4% of patients with AKI and in 7.0% of patients
without AKI [82].

In our opinion, the probability of CKD develop-
ing following a previous AKI is a serious problem.
And, while it cannot be claimed that this issue has
not been given attention, it turns out that many epi-
demiological studies estimate the recovery of kidney
function solely according to the criterion of “needs
or does not need dialysis” [83]. Therefore, although
attempts have been made to summarise the results of

small-scale, prospective studies on this issue, strictly
speaking, the exact role of AKI as a potential cause of
CKD remains unknown. The results of these observa-
tions are consistent with the fact that a month after
the initial damage in patients there was a decrease
in GFR, even with the complete restoration of renal
blood flow. Reduced GFR was seldom less than 50
ml/min from the initial values (about 100 ml/min)
and was often ignored, the effect of such changes on
mortality in the long-term perspective was often un-
derestimated [84].

In addition, it was shown that even in the optimal
situation in which a patient survives severe AKI and
acute dialysis is stopped within a month, there is an
almost 10% chance that chronic dialysis will be re-
quired at some point in the next few years [39, 85].

The results of a relatively recent study, which have
already resonated through the nephrological commu-
nity, resemble these results closely in many respects.
In this study, an attempt is made to determine whether
the complete restoration of kidney function following
an AKI episode is associated with the development
of de novo C3 CKD and mortality in patients with
normal initial kidney function. Recovery was consid-
ered complete if SCr had exceeded basal by less than
1.10 times by the end of the observation. In terms of
outcomes, the formation of a C3 CKD incident case
persisting for three months and death from all causes
were considered. Over a period of 2.5 years, the inci-
dence of C3 CKD was 15% and 3% in the samples of
patients with and without AKI respectively. Mortality
was 35 and 24% in patients with and without AKI,
respectively. Nevertheless, although the complete
restoration of kidney function after an AKI episode in
patients with an initially undisturbed functional state
of the organ was associated with an increased risk of
occurrence of incident C3 CKD cases, it did not affect
the total mortality rate [86].

The need for constant replacement therapy
in AKI patients is difficult to estimate. First, such
studies are likely to be multicentre, since it is diffi-
cult to find a representative group of corresponding
patients in one, even a very large, hospital. Second-
ly, the observation of such patients should be long
enough. And no one can say exactly how long. It is
well known that dialysis in AKI patient may last for
several months and even longer (everybody believes
that the patient is already on a permanent dialysis),
and then the kidney function is gradually restored.
Therefore, such studies are difficult to organise, and
their results should be treated with great care.

As follows from Table 6, the data obtained by dif-
ferent authors are very significantly different. From
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the data available it is difficult to understand with
what such differences are connected, but most likely
the main factor determining the AKI patient’s tran-
sition to a constant RRT is etiologic. Let’s note that
RRT in a patient with AKI, continuing for 60 or even
90 days, can hardly be considered as a constant (see
Table 6).

AKI and cardiovascular risks

A close relationship between the state of kidney
function and the lesions of the cardiovascular system
is now considered to be axiomatic. At the same time,
the decline in GFR is one of the most important deter-
minants of cardiovascular risk. In turn, the pathology
of the cardiovascular system contributes to the de-
velopment of renal damage (cardiorenal continuum,
acute and chronic cardiorenal and renocardial syn-
dromes) [21, 29, 30, 94].

It is well known that various acute cardiovascu-
lar problems can become the causes of AKI [3, 13,
40, 72-75, 95, 96 and many others] (acute cardiorenal
syndrome, cardiorenal syndrome type 1) [94]. On the
other hand, the current classification presupposes the
isolation of acute renocardial syndrome (cardiorenal
syndrome type 3). In this case, the AKI episode leads
to the development of acute injury/dysfunction of the
cardiovascular system [94, 97]. However, as a recent
study in Taiwan showed, AKI requiring dialysis with
complete restoration of renal function is associated
with a greater probability of coronary pathology and
the extent of cardiovascular mortality in comparison
with non-AKI patients [98]. These data give grounds
for allocating such patients to the group of increased
cardiovascular risk.

AKI associated costs.

Due to the very fact of AKI determining not only a
bad prognosis, but also being associated with signifi-
cant additional costs [89, 99-102], the cost per survi-

vor with AKI within the 6-month period had reached
$ 80,000 as early as in 2000 [89].

Epidemiology, prognosis and outcomes of AKI in
the Russian Federation. In attempting to analyse epi-
demiological problems of AKI in Russia, we encoun-
tered a number of unsolvable issues. It turned out that
it is impossible to obtain any information about the
incidence and prevalence of AKI from available lit-
erature sources. While information about CKD can
be obtained from the National CKD Registry [103],
there is nothing of the kind regarding AKI. It is para-
doxical that the AKI epidemiological situation is
quite conceivably better known in poor, developing
countries in Africa, Asia and Latin America than in
a nuclear superpower, space-exploration pioneer and
resource-rich country like Russia. At the same time,
there is no good reason to suppose that Russia is bet-
ter off than anywhere else in the world regarding AKI
problems.

A little more information can be obtained regard-
ing the structure of AKI and results of its treatment.
However, this information is typically limited to
materials derived from one-off and very small-scale
studies, which are rarely multicentre and almost all
focused on studying RRT results in patients with se-
vere AKI. In almost every case, in-hospital mortality
appears as an end point. In addition, most of these
studies are characterised by a very poor, if not primi-
tive, design. Finally, many of them use outdated or
incorrect terminology. The results of RRT use were
very variable and depended on the AKI aetiology.
Mortality varied from 8.3 (“urosepsis”) to 70.6%
(patients with multiple organ dysfunction syndrome)
[104-107].

CONCLUSION

The analysis of the available data shows that AKI
remains a very urgent and widespread medical prob-
lem. At 0.25%, the incidence of AKI in the general

Table 6

Need for continuous replacement therapy in AKI patients
(according to R. Murugan, J.A. Kellum [8] with amendments)

Author Study period Number of surveyed Percentage of patients requiring
patients constant RRT

G.M. Chertow et al. [87] 1991-1993 132 33%

J.T. McCarthy [88] 1977-1979; 1991-1992 142 21%

M. Korkeila [89] 1989-1990 3447 8%

S. Morgera et al. [90] 1993-1998 979 10%

F. Liano et al. [45] 1977-1992 748 2%

P.M. Palevsky et al. [91] 2003-2007 1124 24.6% within 60 days

R. Bellomo et al. [92] 2005-2008 1508 5.4% within 90 days

A.M. Van Berendoncks et al. [93] 2001-2004 595 10.3% within 2 years
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population is comparable with that of acute myocar-
dial infarction [49, 50]. At the same time, there has
been a progressive increase in the incidence of AKI,
by about 400% from the end of the last to the begin-
ning of the present century. The latter is connected
with a number of circumstances, but, in our opinion,
the tendency towards population aging, which is to
a greater or lesser extent observed worldwide, has
the greatest significance. Despite the development of
medical technologies, mortality from AKI remains
high and, apparently, has not significantly decreased.
In some situations, it can reach 60-70%. The treatment
of AKI patients is very costly and puts a heavy burden
on society. It is significant that AKI can cause CKD;
moreover, cardiovascular risks also increase sharply in
AKI patients. As already mentioned above, according
to some data, the incidence of myocardial infarction in
such people increases more than twofold.

There is also the impression that the available
methods of AKI treatment — especially RRT when
applied in the case of AKI — are approaching their
limit and breakthroughs in this direction are not an-
ticipated. Therefore, at present, the early detection of
AKI is becoming the main line of enquiry along with
its primary and secondary prevention. However, this
is possible only on the basis of unified approaches to
the definitions and severity stratification of this state.
While contemporary AKI classification schemes
contribute to some extent to a solution to the prob-
lem, they are far from ideal. Therefore, this problem
should remain at the centre of attention of the world’s
nephrological community.

REFERENCES:

1. Srisawat N, Hoste EE, Kellum JA. Modern classification of
acute kidney injury. Blood Purif 2010; 29(3): 300-307

2. Bywaters EGL, Beall D. Crush injuries and renal function.
BMJ 1941;i: 427-432

3. Rihal CS, Textor SC, Grill DE, Berger PB et al. Incidence
and prognostic importance of acute renal failure after percutane-
ous coronary intervention. Circulation 2002; 105 (19): 2259-2264

4. Chertow GM, Burdick E, Honour M, Bonventre JV, Bates DW:
Acute kidney injury, mortality, length of stay, and costs in hospital-
ized patients. J Am Soc Nephrol 2005;16: 3365-3370

5. Lassnigg A, Schmidlin D, Mouhieddine M, Bachmann LM,
Druml W, Bauer P, Hiesmayr M: Minimal changes of serum creati-
nine predict prognosis in patients after cardiothoracic surgery: a
prospective cohort study. JAm Soc Nephrol 2004;15: 1597-1660

6. Bellomo R, Ronco C, Kellum JA, Mehta RL, Palevsky P,
Acute Dialysis Quality Initiative workgroup. Acute renal failure —
definition, outcome measures, animal models, fluid therapy and
information technology needs: the Second International Con-
sensus Conference of the Acute Dialysis Quality Initiative (ADQI)
Group. Crit Care 2004; 8: R204-R212

7. KDIGO Clinical Practice Guideline for Acute Kidney Injury.
Kidney Int Suppl 2012; 2(1) www.kdigo.org/clinical_practice_
guidelines

8. Murugan R, Kellum JA. Acute kidney injury: what’s the
prognosis? Nat Rev Nephrol 2011; 7(4): 209-217

9. Mehta RL, Kellum JA, Shah SV, Molitoris BA, Ronco C,
Warnock DG, et al: Acute Kidney Injury Network. Acute Kidney
Injury Network: report of an initiative to improve outcomes in acute
kidney injury. Crit Care 2007; 11: R31

10. CmupHOoB AB. XpoHuyeckas 60n1e3Hb UM XPOHMYECKOEe
3abonesaHue novek? Hegpposnorns 2004; 8 (1): 101-102. [Smirnov
AV. How may English term “chronic kidney disease” be translated
into Russian? Nephrology (Saint-Petersburg) 2004; 8 (1): 101-102].

11. CmupHoB AB, EcasH AM, Katokos UI. XpoHunyeckas
60ne3Hb NoYeK: Ha NyTU K eANHCTBY NPeLCTaBneHunin. Hegposorus
2002; 6(4): 11-17. [Smirnov AV, Essaian A.M., Kauykov IG. Chronic
kidney disease: on the way to unity of options. Nephrology (Saint-
Petersburg) 2002; 6(4): 11-17].

12. CmupHoB AB, Katoko U, JobpoHpasos BA, Kyyep Arl.
OcTpoe noBpexaeHne NnoYek 1 ocTpas novyeyHas HeooCcTaTou-
HOCTb: HEKOTOPbIE YPOKN MEXAYHAPOAHbLIX MHULUMATUB. Hegppo-
norust 2008; 12 (3): 7-12 [Smirnov AV, Kauykov |G, Dobronravov
VA, Kucher AG. Acute kidney injury and acute renal failure:
some lessons from international initiatives. Nephrology (Saint-
Petersburg) 2008; 12 (3): 7-12].

13. Waikar SS, Liu KD, Chertow GM. Diagnosis, epidemiol-
ogy and outcomes of acute kidney injury. Clin J Am Soc Nephrol
2008; 3(3):844-861

14. Hoste EA, Clermont G, Kersten A, Venkataraman R, An-
gus DC, De Bacquer D, Kellum JA. RIFLE criteria for acute kidney
injury are associated with hospital mortality in critically ill patients:
a cohort analysis. Crit Care 2006; 10 (3): R73

15. Bouman C, Kellum JA, Lamiere N, Levin N. Definition of
acute renal failure. Acute Dialysis Quality Initiative. 2nd Interna-
tional Consensus Conference, 2002;

16. National Kidney Foundation KD: Clinical practice guide-
lines for chronic Kidney disease: Evaluation, classification and
stratification. Am J Kidney Dis 2002; 39 [Suppl 1]: S1-S266

17. Levey AS, Eckardt KU, Tsukamoto Y et al. Definition and
classification of chronic kidney disease: a position statement from
Kidney Disease: Improving Global Outcomes (KDIGO). Kidney Int
2005; 67(6): 2089-20100;

18. Melnikov VY, Molitoris BA. Improvements in the diag-
nosis of acute kidney injury. Saudi J Kidney Dis Transpl 2008;
19(4):537-544

19. CmupHoB AB, Katokos U, EcasH AM n gp. MNMpobnema
OLLEHKM CKOPOCTM Kiy60o4KOBOM dunbTpaLmm B COBPEMEHHOM He-
dponoruu: HoBbIM NHamkaTop — unctatuH C. Hegponorus 2005;
9(3): 16-27 [Smirnov AV, Kayukov IG, Essaian AM et al. The problem
of assessment of glomerular filtration rate in modern nephrology: a
new indicator — Cystatin C. Nephrology (Saint-Petersburg) 2005;
9 (3): 16-27].

20. CmupHoB AB, Jo6poHpasos BA, Katokos UIM v ap. dnuae-
MWONIOMNS U COLMANTbHO-3KOHOMUNYECKNE aCMNEKTbl XPOHUYECKOM
6onesHun noyvek. Hepposnormus 2006; 10(1): 7-13 [Smirnov AV,
Dobronravov VA, Kayukov IG et al. Epidemiology and social-
economical aspects of chronic kidney disease. Nephrology (Saint-
Petersburg) 2006; 10(1): 7-13].

21. CmupHoB AB, Jo6poHpasos BA, Katokos UI. Kapano-
PEeHasNbHbIN KOHTMHYYM: NAaTOreHETUYECKNE OCHOBLI MPEBEHTUB-
HoW Hedponorun. Hepposaorua 2005; 9(3): 7-15 [Smirnov
AV, Dobronravov VA, Kayukov IG. Cardiorenal continuum,
pathogenetical grounds of preventive nephrology. Nephrology
(Saint-Petersburg) 2005; 9 (3): 7-15].

22. CmupHoB AB, lo6poHpasoB BA, Katokos U, EcasH AM.
XpoHunyeckas 60n1e3Hb NoYeK: AanbHelLLee Pa3BnT1eE KOHLENLUN
n knaccudukaumn. Hepponorus 2007; 11(4): 7-17 [Smirnov
AV, Dobronravov VA, Kayukov IG, Essaian AM. Chronic kidney
disease: further development of the conception and classification.
Nephrology (Saint-Petersburg) 2007; 11(4): 7-17].

21



ISSN 1561-6274. Nephrology. 2014. Volume 18. Ne2.

23. HatouuH OB, KytnHa AB. HoBbIM noaxo, K UHTerpaTme-
HOM OYHKLMOHANBHOM XapakTePUCTUKE NOYEK MPU PA3HbIX TUMAax
nuypesa. Hegpponorus 2009; 13(3): 19-23 [Natochin YuV, Kutina
AV. Novel approach to integrative renal functional characteristics
in various types of diuresis. Nephrology (Saint-Petersburg) 2009;
13 (3): 19-23].

24. Macedo E, Bouchard J, Soroko SH et al. Fluid accumula-
tion, recognition and staging of acute kidney injury in critically-ill
patients. Crit Care 2010;14(3): R82. doi: 10.1186/cc9004

25. Bouchard J, Macedo E, Soroko S et al. Comparison of
methods for estimating glomerular filtration rate in critically ill
patients with acute kidney injury. Nephrol Dial Transplant 2010;
25(1): 102-107

26. Jelliffe R. Estimation of creatinine clearance in patients
with unstable renal function, without a urine specimen. Am J
Nephrol 2002; 22: 320-324

27. Jelliffe R, Jelliffe S. A computer program for estimation of
creatinine clearance from unstable serum creatinine levels, age,
sex, and weight. Math Biosci 1972; 14: 17-24

28. Katokos UTM, CmupHoB AB, maHyanb BJ1. LinctatnH C B co-
BpeMeHHo meamumHe. Hegponormns 2012;16(1):22-39 [Kauykov
IG, Smirnov AV, Emanuel VL. Cystatin C in current medicine.
Nephrology (Saint-Petersburg) 2012; 16 (1): 22-39].

29. Vanholder R, Massy Z, Argiles A et al. Chronic kidney dis-
ease as cause of cardiovascular morbidity and mortality. Nephrol
Dial Transplant 2005; 20(6): 1048-1056

30. 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; http:/www.
kidney-international.org

31. Devarajan P. Emerging urinary biomarkers in the diag-
nosis of acute kidney injury. Expert Opin Med Diagn 2008; 2(4):
387-398

32. Palevsky PM, Liu KD, Brophy PD, Chawla LS, Parikh CR,
Thakar CV, Tolwani AJ, Waikar SS, Weisbord SD. KDOQI US com-
mentary on the 2012 KDIGO clinical practice guideline for acute
kidney injury. Am J Kidney Dis 2013; 61(5): 649-672

33. Clarkson MR, Fridewald JJ, Eustace JA, Rabb H. Acute
kidney injury. In: Brenner BM, ed. The kidney, 8th edition. Saunders
Elseiver, Philadelphia e.a., 2008; 943-986

34. Barrantes F, Tian J, Vazquez R, Amoateng-Adjepong Y,
Manthous CA.Acute kidney injury criteria predict outcomes of
critically ill patients. Crit Care Med 2008;36(5):1397-1403

35. Bagshaw SM, George C, Bellomo R; ANZICS Database
Management Committe. A comparison of the RIFLE and AKIN
criteria for acute kidney injury in critically ill patients. Nephrol Dial
Transplant 2008; 23(5): 1569-1574

36.Waikar SS, Bonventre JV. Creatinine kinetics and the defini-
tion of acute kidney injury. JAm Soc Nephrol 2009; 20(3):672-679

37. CmupHoB AB, Katokos U, ertepea OAn ap. Mpobnembl
LUArHOCTUKN U CTPATUPUKALMN TIXKECTM OCTPOr0 MOBPEXAEHMS
noyek. Hegposnorns 2009; 13(3): 9-18 [Smirnov AV, Kayukov IG,
Degtyareva OA et al. Problems of diagnostics and stratification of
severity of acute kidney injury. Nephrology (Saint-Petersburg);
13(3): 9-18].

38. Liborio AB, Macedo E, Bayas de Queiroz RE et al. Kidney
Disease Improving Global Outcomes or creatinine kinetics crite-
ria in acute kidney injury: a proof of concept study. Nephrol Dial
Transplant 2013 ;28(11):2779-2787

39. KDIGO Clinical Practice Guidenline for Acute Kidney Injury.
Online Appendices. A-F. March 2012; www.kdigo.org/clinical_
practice_guidelines...

40. Case J, Khan S, Khalid R, Khan A. Epidemiology of
acute kidney injury in the intensive care unit. Crit Care Res Pract
2013;2013:479730. doi: 10.1155/2013/479730. Epub 2013 Mar21

41. Hsu CY, McCulloch CE, Fan D, et al. Community-based
incidence of acute renal failure. Kidney Int 2007; 72: 208-212

22

42. Ali T, Khan |, Simpson W, et al. Incidence and outcomes
in acute kidney injury: a comprehensive population-based study.
JAm Soc Nephrol 2007; 18: 1292-1298

43. Metcalfe W, Simpson M, Khan IH, et al. Acute renal failure
requiring renal replacement therapy: incidence and outcome. QUM
2002; 95: 579-583

44, Prescott GJ, Metcalfe W, Baharani J, et al. A prospective
national study of acute renal failure treated with RRT: incidence,
aetiology and outcomes. Nephrol Dial Transplant 2007; 22: 2513-
2519

45. Liano F, Pascual J. Epidemiology of acute renal failure: a
prospective, multicenter, community-basedstudy. Madrid Acute
Renal Failure Study Group. Kidney Int 1996; 50: 811-818

46. Sever MS, Vanholder R, Lameire N. Management of
crushrelated injuries after disasters. N Engl J Med 2006; 354:
1052-1063

47.CerdaJ, BaggaA, KherV, et al. The contrasting character-
istics of acute kidney injury in developed and developing countries.
Nat Clin Pract Nephrol 2008; 4: 138-153

48. Jha V, Parameswaran S. Community-acquired acute
kidney injury in tropical countries. Nat Rev Nephrol 2013 Mar 5.
doi:10.1038/nrneph.2013.36. [Epub ahead of print]

49. Singbartl K, Kellum JA. AKI in the ICU: definition, epi-
demiology, risk stratification, and outcomes. Kidney Int 2012;
81:819-825

50. Ricci Z, Ronco C. New insights in acute kidney failure in
the critically ill. Swiss Med Wkly 2012;142:w13662. Published 14
August 2012, doi:10.4414/smw.2012.13662

51. Piccinni P, Cruz DN, Gramaticopolo S, Garzotto F, Dal
Santo M, Aneloni G, et al; NEFROINT investigators. Prospective
multicenter study on epidemiology of acute kidney injury in the ICU:
a critical care nephrology Italian collaborative effort (NEFROINT).
Minerva Anestesiol 2011;77:1072-1083].

52. Waikar SS, Curhan GC, Wald R, et al. Declining mortality
in patients with acute renal failure, 1988 t02002. J Am Soc Nephrol
2006; 17: 1143-1150

53. Hou SH, Bushinsky DA, Wish JB, et al. Hospital-acquired
renal insufficiency: a prospective study. Am J Med 1983; 74:
243-248

54. Nash K, Hafeez A, Hou S. Hospital-acquired renal insuf-
ficiency. Am J Kidney Dis 2002; 39: 930-936

55. Khan IH, Catto GR, Edward N, et al. Acute renal failure:
factors influencing nephrology referral and outcome. QUM 1997;
90: 781-785;

56. Liano F, Junco E, Pascual J, et al. The spectrum of acute
renal failure in the intensive care unit compared with that seen in
other settings. The Madrid Acute Renal Failure Study Group. Kidney
Int Suppl 1998; 66: S16-24

57. Liangos O, Wald R, O’Bell JW et al. Epidemiology and
outcomes of acute renal failure in hospitalized patients: a national
survey. Clin J Am Soc Nephrol 2006; 1: 43-51

58. Xue JL, Daniels F, Star RA, et al. Incidence and mortality
of acute renal failure in Medicare beneficiaries, 1992 to 2001. J
Am Soc Nephrol 2006; 17: 1135-1142

59. Joannidis M, Metnitz PG. Epidemiology and natural history
of acute renal failure in the ICU. Crit Care Clin 2005; 21: 239-249

60. Uchino S, Kellum JA, Bellomo R, et al. Acute renal failure
in critically ill patients: a multinational, multicenter study. JAMA
2005; 294: 813-818

61. Ostermann M, Chang RW. Acute kidney injury in the
intensive care unit according to RIFLE. Crit Care Med 2007; 35:
1837-1843; quiz 1852

62. Cruz DN, Bolgan I, Perazella MA et al. North East Italian
Prospective Hospital Renal Outcome Survey on Acute Kidney Injury
(NEiPHROS-AKI): targeting the problem with the RIFLE Criteria.
Clin J Am Soc Nephrol 2007; 2: 418-425

63. Lameire N, Van Biesen W, Vanholder R. The changing



ISSN 1561-6274. Nephrology. 2014. Volume 18. Ne2.

epidemiology of acute renal failure. Nat Clin Pract Nephrol 2006;
2:364-377

64. Mandelbaum T, Scott DJ, Lee J et al. Outcome of critically
ill patients with acute kidney injury using the Acute Kidney Injury
Network criteria. Crit Care Med 2011, 39, article 2659

65. Samimagham HR, Kheirkhah S, Haghighi A, Najmi Z. Acute
kidney injury in intensive care unit: incidence, risk factors and
mortality rate. Saudi J Kidney Dis Transplant 2011;22(3):464-470

66. Lerolle N, Guerot E, Faisy C, Bornstain C, Diehl JL,
Fagon JY. Renal failure in septic shock: predictive value of
Doppler-based renal arterial resistive index. Intensive Care Med
2006;32(10):1553-1559

67. Coca SG, Bauling P, Schifftner T, Howard CS, Teitelbaum
I, Parikh CR. Contribution of acute kidney injury toward morbidity
and mortality in burns: a contemporary analysis. Am J Kidney Dis
2007;49(4):517-523

68. Palmieri T, Lavrentieva A, Greenhalgh DG. Acute kidney
injury in critically ill burn patients. Risk factors, progression and
impact on mortality. Burns 2010;36(2):205-211

69. Gomes E, Antunes R, Dias C, Araujo R, Costa-Pereira A.
Acute kidney injury in severe trauma assessed by RIFLE criteria: a
common feature without implications on mortality? Scand J Trauma
Resusc Emerg Med 2010;18, article 1

70. Rashid AH, Brieva JL, Stokes B. Incidence of contrastin-
duced nephropathy in intensive care patients undergoing com-
puterized tomography and prevalence of risk factors. Anaesth
Intensive Care 2009;37(6):968-975

71. Lakhal K, Ehrmann S, Chaari A et al. Acute Kidney Injury
Network definition of contrast-induced nephropathy in the critically
ill: incidence and outcome. J Crit Care 2011;26:593-599

72. Mariscalco G, Nicolini F, Scannapieco A et al. Acute kidney
injury after composite valve-graft replacement for ascending aorta
aneurysms. Heart Vessels 2013; 28(2):229-236

73. Roh GU, Lee JW, Nam SB et al. Incidence and risk factors
of acute kidney injury after thoracic aortic surgery for acute dis-
section. Ann Thorac Surg 2012;94:766-771

74. Englberger L, Suri RM, Li Z et al. Clinical accuracy of
RIFLE and Acute Kidney Injury Network (AKIN) criteria for acute
kidney injury in patients undergoing cardiac surgery. Crit Care.
2011;15(1, article no. R16)

75. Machado MDN, Miranda RC, Takakura IT et al. Acute
kidney injury after on-pump coronary artery bypass graft surgery.
Arquivos Brasileiros de Cardiologia. 2009;93(3):230-252

76. Abosaif NY, TolbaYA, Heap M, et al. The outcome of acute
renal failure in the intensive care unit according to RIFLE: model
application, sensitivity, and predictability. Am J Kidney Dis 2005;
46: 1038-1048

77.RicciZ, Cruz D, Ronco C. The RIFLE criteria and mortality
in acute kidney injury: A systematic review. Kidney Int 2008; 73:
538-546

78. Shiao CC, Ko WJ, Wu VC et al. U-curve association
between timing of renal replacement therapy initiation and in-
hospital mortality in postoperative acute kidney injury. PLoS One
2012;7(8):e42952.doi: 10.1371/journal.pone.0042952

79. Desegher A, Reynvoet E, Blot S, et al. Outcome of patients
treated with renal replacement therapy for acute kidney injury.
Critical Care 2006; 10 (Suppl 1): P296

80.YmpaYP, SakrY, Reinhart K, et al. Has mortality from acute
renal failure decreased? A systematic review of the literature. Am
J Med 2005; 118: 827-832

81.Hobson CE, Yavas S, Segal MS, et al. Acute kidney injury is
associated with increased long-term mortality after cardiothoracic
surgery. Circulation 2009; 119: 2444-2453

82. Coca SG, Yusuf B, Shlipak MG, et al. Long-term risk of
mortality and other adverse outcomes after acute kidney injury:
a systematic review and meta-analysis. Am J Kidney Dis 2009;
53:961-973

83. Macedo E, Bouchard J, Mehta RL. Renal recovery fol-
lowing acute kidney injury. Curr Opin Crit Care 2008; 14: 660-665

84. Golestaneh L, Melamed ML, Hostetter TH. Uremic mem-
ory: the role of acute kidney injury in long-term outcomes. Kidney
Int 2009; 76: 813-814

85. Wald R, Quinn RR, Luo J et al. Chronic dialysis and death
among survivors of acute kidney injury requiring dialysis. JAMA
2009; 302: 1179-1185

86. Jones J, Holmen J, De Graauw J et al. Association of com-
plete recovery from acute kidney injury with incident CKD stage
3 and all-cause mortality. Am J Kidney Dis 2012; 60(3):402-408

87. Chertow GM, Christiansen CL, Cleary PD, Munro C, Lazarus
JM. Prognostic stratification in critically ill patients with acute renal
failure requiring dialysis. Arch Intern Med 1995;155: 1505-1511

88. McCarthy JT. Prognosis of patients with acute renal
failure in the intensive-care unit: a tale of two eras. Mayo Clin Pro
1996;71(2):117-126

89. Korkeila M, Ruokonen E, Takala J. Costs of care, long-
term prognosis and quality of life in patients requiring renal
replacement therapy during intensive care. Intensive Care Med
2000;26:1824-1831

90. Morgera S, Kraft AK, Siebert G, Luft FC, Neumayer
HH. Long-term outcomes in acute renal failure patients treated
with continuous renal replacement therapies. Am J Kidney Dis
2002;40:275-279

91. Palevsky PM, Zhang JH, O’Connor TZ et al. Intensity of
renal supportin critically ill patients with acute kidney injury. N Engl/
J Med 2008;359:7-20

92. Bellomo R, Cass A, Cole L et al. Intensity of continuous
renal-replacement therapy in critically ill patients. N Engl J Med
2009; 361: 1627-1638

983. Van Berendoncks AM, Elseviers MM, Lins RL. Outcome
of acute kidney injury with different treatment options: long-term
follow-up. Clin J Am Soc Nephrol 2010;5: 1755-1762

94. Ronco C, Haapio M, House AA, Anavekar N, Bellomo RJ.
Cardiorenal syndrome. Am Coll Cardiol 2008; 52 (19): 1527-1539

95. Amin AP, Salisbury AC, McCullough PA et al.Trends in the
incidence of acute kidney injury in patients hospitalized with acute
myocardial infarction. Arch Intern Med 2012; 172(3): 246-253

96. Marenzi G1, Cabiati A, Bertoli SV et al. Incidence and
relevance of acute kidney injury in patients hospitalized with acute
coronary syndromes. Am J Cardiol 2013; 111(6): 816-822

97. Bagshaw SM, Hoste EA, Braam B, Briguori C, Kellum JA,
McCullough PA, Ronco C. Cardiorenal syndrome type 3: patho-
physiologic and epidemiologic considerations. Contrib Nephrol
2013;182:137-157

98. Wu VC, Wu CH, Huang TM et al. Long-Term risk of
coronary events after AKI. J Am Soc Nephrol; doi: 10.1681/
ASN.2013060610, 6 February 2014

99. Manns B, Doig CJ, Lee H, et al. Cost of acute renal failure
requiring dialysis in the intensive care unit: clinical and resource
implications of renal recovery. Crit Care Med 2003; 31: 449-455

100. Dasta JF, Kane-Gill SL, Durtschi AJ, et al. Costs and
outcomes of acute kidney injury (AKI) following cardiac surgery.
Nephrol Dial Transplant 2008; 23: 1970-1974

101. Fischer MJ, Brimhall BB, Lezotte DC, et al. Uncomplicat-
ed acute renal failure and hospital resource utilization: a retrospec-
tive multicenter analysis. Am J Kidney Dis 2005; 46: 1049-1057

102. Fischer MJ, Brimhall BB, Parikh CR. Uncomplicated
acute renal failure and post-hospital care: a not so uncomplicated
illness. Am J Nephrol 2008; 28: 523-5307

103. Buk6os BT, Tomununa HA. CocTosiHNE 3aMeCTUTENBHOMN
Tepanum 60/bHbIX C XPOHNYECKO MOYEYHOM HEAOCTATOYHOCThIO B
Poccuiickoii ®epepauun B 1998-2009 rr. Hegpponoruvs n ananns
2011; 13(3): 150-264 [Bikbov BT, Tomilina NA. Renal replacement
therapy for ESRD patients in Russian Federation, 1998-2009
Nefrology and Dialysis, 2011; 13(3): 150-264].

23



ISSN 1561-6274. Nephrology. 2014. Volume 18. Ne2.

104. MyxoepnoBa TB, JlomueopoTtoB BH, KonecHukos CB.
MpenunKTopbl NCXOL40B OCTPOW NMOYEYHOM HEQOCTATOYHOCTU MPWU
3aMeCTUTENbHOM MOYEYHOWN Tepanun Nocie Kapauoxupypruye-
CKUX BMeLLaTenbCTB. AHecTe3unosiorus v peaHnmarosorus 2005;
(2): 53-58 [Mukhoedova TV, Lomivorotov VN, Kolesnikov SV.
Prediction of the outcomes of renal replacement therapy for acute
renal failure after cardiosurgical interventions. Anesteziologiya i
reanimatologiya 2005; (2): 53-58].

105. NoakopbiToBa OJ1, JTocc K3, TkayeHko HA v ap. CTpyk-
Typa npu4nH n adPeKTUBHOCTb NIEYEHUST OCTPON NOYEYHON
HeJ0CTaTO4HOCTM MO MaTepuanam OTAENEeHNA NHTEHCUBHOM He-
dponorun. AHecteaunonorusi u peaHnmarosorns 2005; (2): 50-52
[Podkorytova OL, Loss KE, Tkachenko HYa et al. The structure
of causes of acute renal failure and the efficacy of its treatment
according to the materials of an intensive nephrological care unit.
Anesteziologiya i reanimatologiya 2005; (2): 50-52].

106. dennyesa EB, Nypesuy KA, Oau, AB, Topbayesa CM.
[MpOrHo3 rocnUTanbHOM NeTanbHOCTM Y BObHBIX OCTPOW MOYeY-
HOW HEeO0CTaTOYHOCTLIO C MCMOIb30BaHNEM PeaHUMaLLMOHHbIX
wkan. Cubmupckuii meauumHckuii xypHasn (r. pkytck) 2008;
77(2): 27-29 [Fedicheva EV, Gurevich KYa, Dats AV, Gorbacheva

24

SM. The forecast of hospital mortality in patients with acute renal
insufficiency with use of resuscitational scales. Sibirian Medical
Journal (Irkutsk) 2008; 77(2): 27-29].

107. byHoBa CC, Bunesuy OA, Muxaiinosa J1B n gp. OcTpas
rnoyeyHas He4OCTATOYHOCTb: NMPUYNHBI, NCXOAbl, METOAbI 3aMe-
CTUTENBLHOM NoYeYHON Tepanun. OMCKkui Hay4YHbIi BeCTHUK 2012;
(114): 8-11 [Bunova SS, Bilevich OA, Mikhajlova LV et al. Acute
renal failure: causes, outcomes, modalities of renal replacement
therapy. Omsk scientific bulletin. 2012; (114): 8-11].

Authors declare no conflict of interest.

Received 20.01.2014
Accepted 25.03.2014

Translated by Daria V. Kiseleva,
edited 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


