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ABSTRACT

The purpose of the study is to determine quantitative indicators of the intraorgan arterial bed of
kidney (IABK) of a person, which can be used as a standard morphometric standard in
accordance with the segmental conceptual model of arterial bed. IABK of 32 kidneys of people who
died from diseases that did not change the kidney angioarchitectonics of 2 age group$:pereo@

of adulthood — 16, elderly — 16, 16 men and 16 women. It was established that IABK is a pseudofractal
system, since the values of indicators that quantitatively describe it are associated with many factors
(gender, age group, location side, generation number, and division level). Moreover, the morphometric
characteristics of the channel are the values of the following indicators: CM, FF, K and K1. In
contrast to the value of the variable FF, the values of the indicators K and K1 are not
significantly related to gender, age group, side of the body location (left, right), the value of the generation

number and the level of division.
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1. INTRODUCTION

Pathological changes in the structure of the intraorgan
arterial bed of the kidney (IABK) are the cause and/or
consequence of most kidney diseases [2-6, 9, 19-26].
Therefore, a detailed analysis of the architectonics of
IABK could provide invaluable assistance in the early
diagnosis of kidney disease. However, at present, there is
no unified approach to the analysis of the organization of
the arterial bed of the kidney [8, 16]. Information on its
main links or chains remains controversial. In addition,
today no one needs to be convinced that modern digital
methods of intravital imaging of IABK can open up new
possibilities for the early diagnosis of its pathology [1, 6,
17]. However, the lack of a morphometric standard for
IABK significantly limits the possibilities of using these
methods. [5, 19, 22].

Moreover, it is now becoming apparent that the
progress of the medical science will be associated not only
with further accumulation of actual knowledge, but also
with its creative comprehension. Moreover, it is known
that the mathematical theory is the most successful form of
knowledge organization, the basis of scientific
achievements. Therefore, the development of unifying
theory of the structure of the vascular bed, including
IABK, and the presentation of all the accumulated material
in the form of mathematical models is an urgent task and
will require the solution of many problems of practical
medicine.

Objective: To determine quantitative indicators of
human IABK, which can be used as a morphometric

standard, in accordance with the segmental conceptual
model of the arterial bed.

2. METHODSAND MATERIALS

There were studied the morphometric characteristics of
IABK corrosion casts of 32 kidneys of people who died
from the diseases that did not change the renal
angioarchitectonics (2 age groups: 2nd period of
adulthood — 16; elderly — 16 (Materials of the VII All-
Union Conference on Age-Related Morphology,
Physiology and Biochemistry of the Academy of Medical
Sciences of the USSR, Moscow, 1965), 16 men and
16 women). The corrosion preparations were made
according to the standard method [12-16]. A total of 32
corrosive preparations of IABK were manufactured and
investigated. The minimum diameter of casts of vascular
segments was 0.1 mm with an accuracy of 0.05 mm.
Measurement and registration of arterial segments were
carried out in accordance with the widely-known method
[11]. Measurement and registration of the bed segments
was carried out according to the standard procedure, for
the convenience of description, distributing the segments
into the proximal (maternal) and distal (daughter) rows.
Measurement of the links of the bed was carried out
simultaneously, with a gradual step-by-step destruction of
the cast. The parameters of each vascular segment were
recorded: D is the diameter of the segment of the proximal
row in its central part (in the middle of the distance
between the nearest branches) (mm), L is the length of the
segment of proximal row (mm) — the shortest distance
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between the two branches. To make the descriptidheof
channel more formal, it was presented in the formaof
connected graph, the vertices of which correspoial e
branch points of the vessels, and the ribs to Heewar
segments. The vertices of the graph were numbered
arbitrarily and in a manner similar for all invegited
cases. The data obtained were entered in specig@stab
containing the following: a) designation of the ‘eart
number, which serves as the beginning of the segrbgnt
indication of the number of the vertex that is émel of the
segment; c) information on the size of the innemuiter

of the segment (mm); d) information about the langt

the segment (mm). Data on the structural componeits
the channel were entered into a computer and used fo
statistical processing.

IABK was presented in accordance with the segmental
conceptual model of the bed as a set of intercdedec
segments (Fig. 1). To describe such a design, emdsis
of the obtained data, the following was determin@d: i,

CM, FF, K, K1: Gr, i.e. generation number, generatio
linear construction consisting of daughter segmaeuitis a
larger diameter; i — level of division — newly foedh series
of vascular segments; CM is the coefficient of @ase in
the number of daughter segments of the distal rawale
to the ratio of the number of segments of the tista to
the number of segments of the proximal row; FF i th
form factor — the ratio of the diameter of the vdac
segment to its length, D/L; K is the division coatfiat,
dmin/D; K1 is the symmetry coefficient, dmax/dmin;
dmax is the inner diameter of the daughter segroktite
distal row with a large diameter (mm); dmin is thedn
diameter of the daughter segment of the distal roth wi
smaller diameter (mm) [7, 8].

The statistical analysis included calculation @& thain
indicators of the distribution of random variableBo
obtain a representative sample, the technique for
determining significant median boundaries was ud&j [

If the distribution of the values of the studiedlizators
differed from the normal law, nonparametric criteriare
used. The analysis was performed using a licensed
package of applied statistical programs, i.e. MatySt
according to the recommendations [18]. The repriiduc

of the visual image of IABK was carried out usinggaral
computer program Vasculograph [10].

3.RESULTS

Totally, 9828 arterial segments were measured,
comprising 13 generations located at 22 levelsiasion.
The study did not include segments of arteries fradmth
daughter branches do not depart, because therdigha
probability of their inaccurate measurement anéties of
some numerical values. One part of this group, alsho
had a continuation, however, errors in the methagioled

to the loss of information about the arterial segtaehat
make up this group. Another part of the arteriesldo
indeed be the final vessels (within the scope of the
technique). We called this phenomenon “edge effebis
follows from the foregoing, some of the data was @utle
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lost during the measurements; therefore, the above
approach is logically justified.

The distributions of the obtained values were cheécke
for compliance with the normal distribution law after
determining the values of the studied parametersaAs
result, it was found that the distribution of théues of all
studied indicators (D, dmax, dmin, L, FF, K, and K1)
differs from the regular law at the significance dev
p<0.05. Therefore, for further statistical analydisis
necessary to use nonparametric criteria.

Analyzing the data obtained, it is important to ribizt
the distribution of values of the studied indicatas
shifted towards small values. An exception is the
distribution of K, which demonstrates the presente o
several inhomogeneous groups that make up this
generation. The parameter D characterizes the niiter
diameters of the segments of the proximal row. Its
maximum value is 7.8 mm, the minimum is 0.1 mm. The
most common diameter value is 0.5 mm, which differs
from the median value of 0.6 mm. The shift of the
distribution of diameters towards smaller values is
expressed. The parameter dmax describes the inner
diameters of large segments of the distal row. Its
maximum value is 7.8 mm, the minimum is 0.1 mm. The
most common diameter value is 0.1 mm, which differs
from the median value of 0.4 mm. The shift of the
distribution of diameters towards smaller values is
expressed. The parameter dmin characterizes ther inn
diameters of the smallest segments of the distal its
maximum value is 5.4 mm, the minimum is 0.1 mm. The
most common diameter value is 0.1 mm, which differs
from the median value of 0.3 mm. The shift of the
distribution of diameters towards smaller values is
expressed. The length of the segments of the pedxionv
L varies widely from 26.1 mm (maximum) to 0.2 mm
(minimum). The most common length is 5 mm, which
differs from the median value of 4 mm. As well as tloe
diameter, this quantity is characterized by a sinifthe
distribution of values towards smaller values.

The length of the arterial segments L ranged from
47 mm (maximum) to 0.3 mm (minimum). The most
common length is 3 mm, which differs from the averag
value of 5.6 mm. As well as for the diameter, thiargity
is characterized by a shift in the distribution vaflues
towards smaller values. A large scatter in the vatidhe
inner diameter and length of segments determines th
pronounced variability of the form factor FF (Mzni)s
maximum value of 9.5 is the minimum — 0. The vadfi&
ranges from 7 (maximum value) to O (minimum value).
The most common value is 0.5, which does not coécid
with the value of 0.5 median. The distribution dfizators
is biased towards average values. The value of Kges
from 12 (maximum value) to O (minimum value). The
most common value is 1, which almost coincides with
value of 1.2 medians. The distribution of indicatas
biased towards lower values. The analysis of theegabi
the CM indicator, i.e. the coefficient of increaise the
number of daughter segments of the distal row, atdic
the presence of an overwhelming number of dichotemie
98+0.14 % (9637 items), trichotomy — 1.91+0.14 %

145



ATLANTIS

PRESS

(180 items), quadratomy — 0,09+14 % (9 items) avehe
pentatomies — 0.01+0.14 % (1). The presence of
pentatomies can be considered as an artifact.

To establish correlations between the studied
parameters, nonparametric analysis was used. Mederat
severity (statistically significantly different fmo 0)
correlation relationships were established between:
positive i-Gr, LD, L-dmax, L-dmin, K-dmax, K-dmin, K1
dmax, FF-D, FF-dmax, FF-dmin; negative D-Gr, D-i,
dmax-Gr, dmax-i, dmin-Gr, dmin-i, FF-Gr, FF-i, FE-L
Strong links are established between positive dmax-D,
dmin-D, dmin-dmax.

The analysis of location of the segments by geiterat
numbers and division levels showed that the equation
determining the relationship between the absolutabar
of segments and the division level make it possiole
reliably describe this relationship up to the 4émeration
number and 9th division level, then the “edge effec
introduce a large error. Taking into account thevab
relationships of the CM value with the generatiombear
and the division level, we analyzed the percentage of
branches with different CM values depending on the
generation number and the division level.

The following interesting data were obtained: brasche
with a large CM value (i.e., trichotomy, quadrithoruyd
pentatomy) belong to the initial generations ané ar
located at more proximal fission levels. The reswf
correlation analysis confirm that the values ofiéatbrs
included in the composition of trichotomies, qudtbimies
and pentatomies, such as: D, dmax, dmin, L, FF abd K
are greater, and the values of K are less than thbse
dichotomies (M = 2). The diameters of the arterial

segments of the VARP decrease with an increase in the

division level and generation number, but the valokthe

K index increase. The larger the diameter of thexipmal
segment, the higher the diameters of the largersamaller
segments of distal row, and, accordingly, the larder
diameter of larger segment of the distal row, thigdathe
diameter of the smaller one. The same statementgsor

the length of the segments: the longer the lengtthe
segment of the proximal row, the greater it is for larger
and smaller segments of the distal row. The expdesse
negative connections between D, dmax and dmin are
explained by the formulas for calculating the laslicator,
therefore, it can be argued that with an increas#énD
indicators, the morphological component of the
hemodynamic resistance of a segment of a givened&m
decreases.

As a result of the regression analysis of the dmax-D,
dmin-D, L-D bonds, the following equations were
established: dmax = 0.81D — 0.08, R2 = 0.87; dmin =
0.62D-0.06, R2 = 0.78. The dmax-D and dmin-D bonds
are accurately described by linear equations. Tseritee
the L-D connection, a fourth degree polynomial eiquat
was chosen, because, in comparison with others, st mo
accurately describes this connection, and the licdegree
because, as follows from the previously given data:
L=0.014 D4 + 0.14D3-0.6D2 + 3.0D + 2.56, R2 =40@,
the accuracy of the measurements obtained can llye fu
guaranteed up to the fourth generation number.sit i
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possible that the studied set of values of the istud
indicators consists of several independent samples$ by
isolating these samples, it would be possible toeimse
the accuracy of the regression equations.

Therefore, the hypothesis about the belonging of
independent samples to one general population wteefu
tested. The criteria used were the Mann-Whitney U Tes
and Kruskal-Wallis ANOVA Test. Independent samples of
the values Gr, i, CM, D, dmax, dmin, L, FF, K, and K1
were analyzed for their possible relationship withdgs,
age group, and side of the kidney.

Totally, 4745 arterial segments of men and
5083 segments of women were studied, as well as
4763 segments belonging to IABK persons of the 2nd
period of adulthood and 3237 of the elderly grotipe
value of FF indicator is greater in men — 0.2+0,a63an in
women — 0.16 + 0.006 (p <0.001), respectively. Thlees
of Gr and L, on the contrary, are greater in women —
540.03 and 4.6+0.05 than in men — 4£0.03 (p = 0&0%)
3.4+0.05 (p<0.001), respectively. The data presente
indicate that the linear sizes of IABK in women are o
average larger than in men. The central trendsdrvélues
of the indicators D, dmax and dmin differ at the
significance level §0.05, which is confirmed by the
differences in distribution of the values of théseicators
in men and women. The number of segments having a
diameter with the value in the range from 0 to 1 tsm
relatively larger in women than in men. The shafeth®
curves that describe the nature of the decreasthen
diameters of vascular segments with an increaséhen t
generation number and division level also differnien
and women. The values of the remaining studied &idis
(i, CM, K and K1) do not significantly differ among
representatives of different sexes.

The values of IABK indicators are as follows: Gr, i, K
and FF are less in persons of the 2nd period dftezhd —
4+0.03; 940.05; 0.5+0.004 and 0.16+0.003 than ia th
elderly — 5+£0.03 (p<0.001); 9.1+0.07 (p=0.01); @306
(p <0.001) and 0.240.02 (p<0.001), respectively.evéas
the values of the variables are the following: D, ’@ma
dmin and K1 in individuals of the 2nd period of &Hood
are greater than in elderly persons. The value€df
parameter do not significantly differ p=0.06.

Thus, it can be argued that the linear dimensidrisen
arterial segment that make up the IABK decrease agth
In addition, based on the above facts, it can lsaraed
that people with large linear dimensions of the rate
segments of the arteries, its components, are liketg to
survive to the old age.

The following differences in the central tendenciés
the values of indicators are identified: D, dmax aimain
between the segments of the left and right IABKQ(05)
are established, which is confirmed by the diffeemnn
the distributions of the values of these indicatoesween
the left and right segments. The shape of the eurve
describing the nature of the decrease in the vabfes
diameters of the vascular segments with an incrieatie
generation number and the level of division aldtediin
the left and right IABK. It was found that the valugsthe
variables K1 and FF of the arterial segments bétangp
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the left IABK are significantly larger than the righ=0.02
and p<0.001, respectively. And vice versa, the \sloke
the variable CM of the right segments are signiftha
larger than the left ones p<0.001.

Next, the hypothesis of equality of the average
independent samples was tested. The Kruskal-Wallis
ANOVA test was used. It was found out that the largest
number of branches constituting IABK is accountedbip
dichotomies — 98 %, CM=3 make up 1.91 %, and CM=4
constitute 0.09 %. During the study, 2 branches with
CM =5 were found, which can be considered as an
artifact. The analysis of the results confirms stetement
that branches with CM=3 and CM=4 are located at
proximal levels of division. The value of FF doestn
significantly differ in arterial segments belonging
branches with different CM values. It was found ttest
arterial segments that make up the dichotomy are
characterized by the minimum values of internal
diameters, lengths and K1, the maximum — K. The
following characteristics are typical for trichotamsi
medium — diameters, lengths, K and K1. For braneligs
CM=4 — minimum values: K, maximum — diameters,
lengths and K1.

The results of the analysis can be further coneitias
a standard for the mathematical modeling of thewas
bed.

4. CONCLUSION

Thus, the traditional descriptive anatomy of IABKedo
not make it possible to establish the morphometric
standard of the IABK norm, since it is practically
impossible to identify various links of the bed @en
corrosive preparation, and also because it is btiteise
relative indices as reference values than the atesohes.

It is more expedient to use the values of relatidicators,
which quantitatively describe the conceptual modsils
IABK.

Human IABK is a pseudofractal system, since the
values of indicators that quantitatively characterit are
associated with many factors (gender, age grouptitog
generation number and division level). Moreovere th
morphometric characteristics of the channel areviiees
of the indicators CM, FF, K and K1. In contrast tte
value of the variable FF, the values of the indiceiK and
K1 are not significantly related to gender, ageugroside
of the body location (left, right), the value ofeth
generation number and the level of division.

As a structural unit (fractal) of IABK, one can cadesi
arterial branching, which consists of the matermtdriaal
segment, several daughter branches and, in fachrédnch
item, i.e. quadritomy, trichotomy and dichotomy.was
found that the quadrithomies accounted for 0.09%1 4f
the total number of branches, trichotomy was 1.914-06
and dichotomies was 98+0.14 % (9637 items). Theeefor
it is logical to imagine dichotomy as the main stwual
unit (fractal) of IABK.
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