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Lienb. OueHka B3aMMOCBA3M K/IMHUKO-1a60paTOPHbIX 1 MOP$ONornyeckmx GpakTopoB C peMoe/iMpoBaHMeM apTepuii MoYeK Masioro 4uameTpay naum-
eHTOB C rioMepynoHedpputoM (TH) 1 apTepransHoi runeptersuein (AT). MaTepuansl u MeToabl. B ucciegoBarue BkatoyeHo 105 naumeHToB (cpegHuii
Bo3pact 37,1+1,2 neT) ¢ nepenyHbIM [H 1 AT, noKasaHWAMM K BbINOAHeHMIO Hedpobroncumn. BceM naumeHTaM nposeAeHo CTaHAApTHOE Hedposiorunye-
ckoMy npouto obcnegoBaHme, Mopdonornyeckoe nccnegoBaHmne HeppobronTaTa C OLEEHKOM M3MEHEHU MOYeYHOM TKaHM C ONUCaHNEM M3MEHEHWN,
NPOVCXOAALLMX NPU HAZMYUM TIoMepynoHedprTa, COOTBETCTBYIOLLEE MHAMBMAYA/IbHOWM BbIPaXEHHOCTM NaTonormyeckoro npouecca. OueHnMBanoch
Ha/M4Me MPU3HAKOB TY6Y/IOMHTEPCTULMANBHOrO KOMMOHEHTA MOBPEXAeHUsA (MM TyBy/IOMHTEPCTULMA/bHBIA KOMMOHEHT — TUIK) B Buge Ty6yno-
MHTepCTMUManbHOro Bocnanenus (TUB), ¢ubposa (TUI®). BbinosHeHa Ba3OMETPUA MeXA0/1bKoBOM apTepun (MA). Mpr3HaKoM peMozennpoBaHus
MA 6b110 NPUHATO CUMTATb BENMYMHY KOMMIEKca MHTUMa-Meauna (KUM) 6onee 30,43 MkM. PesyabTaTbl. Cpean KAMHUKO-1a60paTopHbIX GaKTOpoB
PYCKa CTaTUCTUYECKM 3HAYMMOe B/ISIHME Ha BePOATHOCTb yBendeHusa KM nMetoT noBbllleHne YPOBHA CUCTOIMYECKOrO apTepuasibHOro AaB/ieHuns
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(x>-kpuTepwii = 5,76, p = 0,016), ctagum AT (x*-kputepuii = 9,45, p = 0,002), ypoBHs Mo4eBMHbI KpoBY (X>-KpuTepuii = 8,11, p = 0,004), yMeHbLue-
HUEe CKOPOCTU KAYBOUYKOBOM puabTpauum (x2-kputepuii = 5,0, p = 0,025), yBennyeHne cTagnmn XpoHu4eckoit 60aesHn noyek (x2-kputepuii = 10,32,
p=0,001). Hannuue npusHakos nporpeccmpoBaHus MH, TaK1X KaK NOBbILLEHWE CKOPOCTU oceAaHuns 3putpounTos (COD) uam 6enka B MoYe, CTaTUCTU-
YeCKU 3HAYVMMOTO B/IMAHUA Ha PUCK peMoAenpoBaHus MA He yctaHosuo (p>0,05). Ha BepoaTHoCTb yBesnueHna KM MA BAVSAIOT Hauuve ruanm-
HO3a KarnuAnApHbIX neTesb Kny6ouka (x2-kputepuin = 7,56, p = 0,006), nepurn1oMepynsipHOro ruaamHosa (x>-kputepuii = 6,96, p = 0,008), ckneposa
kny6ouka (x2-kputepwii = 3,9, p = 0,048), yBesmueHne ¢pubposa TybynomHTepcTuums (x>-kputepuii = 12,16, p = 0,0005). 3akatouenue. Mpu TH n AT
pemMo/enMpoBaHMe COCY/0B MOYeK Masioro AvaMeTpa NPOUCXOANT U3-3a BAMAHUA Al U ee BbIPaXKEHHOCTU, TY6YIOMHTEPCTULMA/BbHBIX U3MEHEHWI Mo-
YeyHoM TKaHW. MonyyeHbl HOBble GaKTOPbI PUCKa COCYANCTOro peMo/e/IMpOBaHUA —T1IOMEepPY/IoNaTui, KOTOpble NMPOABAAIOTCA B CKNepo3se Knybouka,
Nepura1oMepyapHOM FManHO3e U F’MannHo3e KanuaaapHbIX neTenb knybouka. B To xe BpeMs, BocnannTe/bHble U ayTOMMMYHHble MexaHu3Mbl [H He
B/IAIOT Ha M3MEHeHVe COCYyANCTON CTeHKW. Ponb Al ABiseTCA onpeAensiolieil B U3MEHEHNM CTPYKTYPbI MOYeK Masioro AvameTpa.

Knroyesbie cnosa: znomepynoredpum, apmepuansHas 2unepmersus, pemodenuposaque apmepuii Mano20 duamempa, Mex00bKOBas apmepust
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Abstract

Objectives. Evaluation of the relationship of clinical, laboratory and morphological factors with remodeling of small-diameter renal arteries in patients
with glomerulonephritis (GN) and arterial hypertension (AH). Materials and methods. The study included 105 patients (average age 37.1+1.2 years)
with primary GN and hypertension who had indications for morphological investigation of kidney tissue. All patients underwent a standard examination
for kidney disease, a morphological study of kidney tissue with a description of the changes that occur in the presence of glomerulonephritis, corre-
sponding to the individual severity of the pathological process. The presence of signs of a tubulointerstitial component of damage (or tubulointerstitial
component — TIC) in the form of tubulointerstitial inflammation (TIV), fibrosis (TIF) was assessed. Vasometry of the interlobular artery (IA) was per-
formed. The value of the intima-media complex (IMC) was considered to be a sign of 1A remodeling. A sign of MA remodeling was considered to be an
intima-media complex (IMC) value of more than 30.43 um. Results. Among clinical and laboratory risk factors, an increase in systolic blood pressure
has a statistically significant effect on the likelihood of increasing IMC (x2-criterion = 5.76, p = 0.016), arterial hypertension stage (x2-criterion = 9.45,
p =0.002), blood urea level (y2-criterion = 8.11, p = 0.004), decrease in glomerular filtration rate (x2-criterion = 5.0, p = 0.025), increase in the stage
of chronic kidney disease (x2-criterion = 10.32, p = 0.001). The presence of signs of GN progression, such as an increase in erythrocyte sedimentation
rate (ESR) or proteinuria, did not have a statistically significant effect on the risk of IA remodeling (p>0.05). The increase in IA IMC is affected by the
presence of hyalinosis of glomerular capillary loops (x2-criterion =7.56, p = 0.006), periglomerular hyalinosis (x2-criterion = 6.96, p = 0.008), sclerosis
of the glomerulus (x2-criterion = 3.9, p = 0.048), increased fibrosis of tubulointerstitium (x2-criterion = 12.16, p = 0.0005). Conclusion. In GN and AH,
remodeling of small-diameter renal vessels occurs due to the influence of AH and its severity, tubulointerstitial changes in the renal tissue. New risk
factors for vascular remodeling have been obtained — changes in the glomerulus. At the same time, the inflammatory and autoimmune mechanisms
of GN were not associated with changes in the vascular wall. The role of hypertension is decisive in changing the structure of small-diameter kidneys.

Key words: glomerulonephritis, arterial hypertension, remodeling of small diameter arteries, interlobular artery
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AH — arterial hypertension, BP — blood pressure, GN — glomerular nephritis, DBP — diastolic blood pressure, IMC — intima-media complex,
IA — interlobular artery, SUP — spot urine protein, SBP — systolic blood pressure, eGFR — estimated glomerular filtration rate, DUP — daily urine
protein, TIT — tubulointerstitial inflammation, TIC — tubulointerstitial component, TIF — tubulointerstitial fibrosis, CKD — chronic kidney disease

Introduction

Kidney vascular supply has a unique anatomical and
functional organisation [1], which determines the vital
physiological functions of the organ with adequate blood
supply, formation and regulation of the perfusion pres-
sure. Vascular structural or functional remodelling is

associated with impaired organ trophism and organ fail-
ure development. It is worth noting that the condition
of the arterial bed should be monitored not only at the
main artery level, but also in the microcirculation. Gen-
eral damage to small arteries and arterioles can result
in irreversible remodelling of main arteries and kidney
dysfunction.

31



32

ORIGINAL ARTICLE

The Russian Archives of Internal Medicine @ Ne 1 e 2024

Glomerular nephritis (GN) is a socially signifi-
cant disease [2, 3]. The natural course of GN results in
chronic kidney disease, associated diseases and con-
ditions (arterial hypertension, anaemia, thrombosis,
etc.), high risk of death and permanent disability. It is
well known that the pathogenic mechanism behind
GN is intraglomerular immune inflammation, that
leads to glomerular and tubulointerstitial damage [4].
However, morphological examination shows not only
damage to glomerulus cells, but also structural changes
in small arteries in the kidney. The nature of vascu-
lar remodelling in arteries and arterioles in GN is still
not completely clear [5]. There are key conditions that
cause structural remodelling in the microcirculation in
patients with GN. “Vascular exhaustion” is a phenom-
enon that underlies the basic theory of changes in small
arteries in response to tissue rearrangements in the
dependent organ. This process can be seen in the patho-
physiological mechanism “function, then form”, i.e. the
vascular bed changes in response to a larger demand by

structurally modified renal tissue. Another condition
for remodelling of small arteries is high blood pressure
(BP) which is a common clinical manifestation of GN.
Also, there can be the effect of endotheliotropic factors,
a higher level of which is observed in cytokine inflam-
mation in response to an autoimmune process, oxida-
tive stress, effect of toxic metabolites in GN.

The objective of our study was to assess the associa-
tion between clinical, laboratory and morphological fac-
tors and remodelling of small renal arteries in patients
with GN and AH.

Materials and Methods

The study enrolled 105 patients with GN and AH, of
which 62 were men and 43 were women. The mean GN
duration was 4.13 [0.04; 20.0] years. The age of patients
was 37.1 + 1.2 years. Clinical study design is presented
in Figure 1.

OnnomomenTHOe uccienoBanue 105 nanuentos ¢ Al' u nepsuunsiv ['H

(62 my>xuuH u 43 KEHITUHBI), CpeaHui Bo3pacT 37,1+1,2 ner.

Simultaneous examination of 105 patients with hypertension and primary GN
(62 men and 43 women), average age 37.1£1.2 years
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MoueBuHa U KpeaTUHHUH ChIBOPOTKH kpoBu, COD
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General clinical examination:
Serum urea and creatinine, ESR
Morning urine protein, 24-hour proteinuria, estimated
GFR, CKD stage

BrinosiHeHNe MyHKIIMOHHOMH Hedpoduoncun:
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TyOyJTOHUHTEPCTHLIUS
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Performing a puncture nephrobiopsy:
» standard description of nephrobiopsy, definition of
tubulointerstitial fibrosis and inflammation,
glomerulosclerosis, tubulointerstitial fibrosis
* vasometry of interlobular arteries - determination
of the size of the intima-media complex

v

Crarucruyeckast 00paboTKa JaHHBIX, HAYYHbIN aHAIH3 TOJyYEHHBIX PE3YJIbTaTOB
Statistical data processing, scientific analysis of the results obtained

Figure 1. Clinical study design

Note: AH — arterial hypertension, GN — glomerulonephritis, ESR — erythrocyte sedimentation rate, GFR — glomerular filtration rate, CKD — chronic kidney disease
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The inclusion criterion in this study was arterial hyper-
tension and indication for needle renal biopsy (observa-
tion of any pathologic urine sediment in patients with GN
(spot urine protein concentration over 0.033 g/L and over
150 g/day, erythrocyturia of over 3/HPF), stage 1-4 CKD).
Exclusion criteria were secondary GN, inflammations of
any origin, decompensated comorbidities.

All patients underwent a medical examination. Labo-
ratory tests measured urea, serum creatinine, erythro-
cyte sedimentation rate (ESR), spot urine protein (SUP)
and daily urine protein (DUP). Glomerular filtration rate
(GFR) was calculated using the formula developed by
CKD-EPI (Chronic Kidney Disease Epidemiology Col-
laboration) [6]. Estimated GFR was used to determine
the stage of chronic kidney disease (CKD) (KDIGO,
2012) [7]. Each CKD stage was graded. Grade 1 cor-
responded to stage 1 CKD, grade 2 — to stage 2 CKD,
grade 3 — to stage 3a CKD, grade 4 — to stage 3b CKD,
grade 5 — to stage 4 CKD. AH severity and stage were
recorded; systolic (SBP) and diastolic (DBP) blood pres-
sure were recorded during the first encounter with the
patient; the highest SBP and DBP from the medical
record were recorded as well. Clinical characteristics of
study subjects are presented in Table 1.

At the time of enrolment, out of 105 patients,
75 patients had uncontrolled AH, BP in 17 patients cor-
responded to grade 1, in 44 patients — to grade 2, and in
14 patients — grade 3. 20 patients were diagnosed with
stage IIT AH, 59 patients had stage IT AH, and the rest were
diagnosed with stage I AH. At the time of enrolment, all
patients were taking antihypertensive medications.

Table 1. Clinical and laboratory data of patients with
glomerulonephritis and hypertension

All patients underwent needle renal biopsy and mea-
surement of small renal vessels. Measurements of vessel
diameter were performed using Leica DMD108 micro-
scope (Leica Microsystems, Germany). Inner and outer
diameter, thickness of vessel intima and media were
measured. The intima-media complex (IMC) value was
obtained by adding the values for intima and media.
Of note, microtome sections of renal bioptate created
various combinations of arteries (transverse, longitudi-
nal). In order to establish the true diameter of a small
renal artery, the rules of vascular geometry were used,
and the smallest diameter was used as a true value.

Renal bioptate examination included standard
description of changes in GN, which corresponded to
the individual intensity of the pathological process. The
presence of the signs of tubulointerstitial component of
the damage (or tubulointerstitial component (TIC)) in
the form of tubulointerstitial inflammation (TII), fibrosis
(TIF) were evaluated. Table 2 shows the key results of
renal biopsy in patients enrolled in the study.

Given that interlobular artery (IA) was the most
common observation in renal bioptate analysis, it was
decided to record remodelling results for IA only in order
to ensure statistical homogeneity of the test data. IA IMC
was recorded as a factor characterising the structural
remodelling of IA. Mean IA IMC was 32.26 + 1.34 pum.
The study evaluated grade values of IA IMC based on the
median value of 30.43 pm. IA IMC of less than 30.43 um
corresponded to grade 0, while a value of 30.43 um or
over — to grade 1.

Table 2. Characterization of morphological changes in
the nephrobioptate of patients with glomerulonephritis
and hypertension

Criterion | Average value | | Sign * | Prevalence, abs (%) |

SBP, mm Hg, Me [IQR] 128 [100; 200] Mesangium expansion 77 (73,3)
DBP, mm Hg, Me [IQR] 82,4 [60; 120] Sclerosis of the mesangium 33 (31,4)
SBP max, mm Hg, Me [IQR] 152,7 [90; 240] Glomerulus enlargement 41 (39,1)
DBP max, mm Hg, Me [IQR] 93,7 [60; 130] Segmental sclerosis of capillary loops of the 63 (60,0)
Creatinine, pmol/l, Me [IQR] 104,0 [30,0; 232,7] glomerulus
Urea, mmol/l, Me [IQR] 8,0 [1,8; 38,9] fﬁf‘;ﬁ’;ﬁr&yjshno“s of capillary loops of 26 (24,8)
eGFR, ml/min/1.73m? M+SD 87,1+3,9 Fusion of capillary loops 89 (84.8)
CKD stage 1, abs (%) 52(4952) Obliteration of capillary loops 6 (5,7)
CKD stage 2, abs (%) 31(29,52) Mesangial hypercellularity 62 (59,1)
CKD stage 3A, abs (%) 9 (8,57) Endothelial hypercellularity 9(8,6)
CKD stage 3B, abs (%) 9(8,57) Periglomerular focal fibrosis 77 (73,3)
CKD stage 4, abs (%) 4(3.82) Periglomerular focal hyalinosis 21 (20,0)
ESR, mm/h, M+SD 24,6+18,6 Glomerular hyalinosis 54 (51,4)
;rft&i: [clcén;]entration in urine sample, 2,8 [05 32,0] Glomerular fibrosis 41 (39,1)
24h proteinuria, g/l, Me [IQR] 3.8 [0 26.4] Tubulointerstitial inflammation 64 (60,9)
Note: SBP — systolic blood pressure, DBP — diastolic blood pressure, SBP Tubulointerstitial fibrosis 79(75.2)

.. — maximum values of the patient’s SBP, DBP _— maximum values of the patient’s Tubulointerstitial component 86 (81,9)

BBP, eGFR — estimated glomerular filtration rate, CKD — chronic kidney disease,
ESR — erythrocyte sedimentation rate

Note: * — presence of a sign in the study cohort of patients
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The study was conducted in accordance with the stan-
dards of Good Clinical Practice and the Declaration of
Helsinki. The study protocol was approved by the Local
Ethics Committee at the Federal State Budgetary Edu-
cational Institution of Higher Education Rostov State
Medical University of the Ministry of Health of Russia.
Before inclusion in the study, study subjects signed the
informed consent form.

Statistical data analysis was performed using Statis-
tica 10,0 (Stat Soft, USA). For normal distribution, data
were presented as M + SD (M is arithmetic mean, SD is
standard deviation); otherwise — Me [Q1;Q3] (Me is the
median value, Q1 and Q3 are the first and third quar-
tiles). The probability of effect from a factor on a bipolar
event was determined with logistic regression analysis
with x*. The degree of correlation between test variables
was evaluated with the use of Pearson correlation coeffi-
cient (r). The degree of correlation was interpreted on the
basis of r value: with r = 0.01-0.29, the correlation was
weak, with r = 0.3-0.69 — moderate, and with r = 0.7-
1.0 — strong. Survival analysis was performed under
the Kaplan-Meier method. The zero hypothesis on the
absence of differences and correlations was discarded at
p < 0.05.

Results and Discussion

The logistic regression analysis demonstrated that,
among clinical and laboratory parameters, the risk of an
increased IMC is statistically significantly impacted by
higher SBP values, measured at the time of enrolment
(x* = 5.76, p = 0.016), AH stage (x* = 9.45, p = 0.002),
increased urine urea levels (x> = 8.11, p = 0.004), reduced
eGFR (x> = 5.0, p = 0.025), and a higher CKD stage
()¢ = 10.32, p = 0.001).

The resulting data were used to generate a table of
risk grading for small renal arteries (IA) remodelling in
patients with GN and AH (Table 3). Of note, thicken-
ing of IA IMC was recorded where the result was equal
or exceeded the median IA values (30.43 pum) in the
study group (a graded parameter). The resulting logistic
regression equations were used to calculate the risk of
an increased IA IMC values with account of clinical and
laboratory parameters.

The correlation analysis demonstrated that the IA
IMC value is in direct weak correlation with the SBP
values (r = 0.29, p = 0.005), AH severity (r = 0.25,
p = 0.01) and moderate correlation with AH stages
(r = 0.39, p = 0.0001) and CKD (r = 0.4, p = 0.00008).
Also, an inverse weak correlation with eGFR was found
(r=-0.26, p = 0.01).

Interestingly, higher ESR value and the degree of pro-
teinuria did not have any statistically significant effect on
IA remodelling (p > 0.05).

In order to achieve the objective of the study, we con-
ducted an analysis of the effect of renal tissue changes
on the risk of small renal artery remodelling. It has

been shown that, among all studied parameters, a sta-
tistically significant effect on an increase of the risk of
a higher IA IMC value was observed in the presence of
hyaline degeneration of glomerulus anses capillaires,
focal periglomerular hyaline degeneration and glom-
erulus sclerosis. The probability that IA IMC will be
above 30.43 um in the presence of hyaline degeneration
of glomerulus anses capillaires was 31.28 % (x* = 7.56,
p = 0.006), periglomerular hyaline degeneration —
33.78 % (x* = 6.96, p = 0.008), glomerulus sclerosis —
20.4 % (x* = 3.9, p = 0.048). Besides, the effect of the
presence of hyaline degeneration of glomerulus anses on
the risk of higher IMC values with account to GN dura-
tion (Gehan’s Wilcoxon Test WW = -305.0, Test statis-
tic = -2.097, p = 0.036, Cox-Mantel Test U = -5.66, Test
statistic = -2.28, p = 0.02, Log-Rank Test WW = 5.66,
Test statistic = 2.3, p = 0.02) and periglomerular hyaline
degeneration (Gehans Wilcoxon Test WW = -239.0, Test
statistic = -2.07, p = 0.038, Cox-Mantel Test U = -4.67,
Test statistic = -2.28, p = 0.02, Log-Rank Test WW = 4.67,
Test statistic = 2.29, p = 0.02) has been established. Fig-
ures 2 and 3 show Kaplan-Mayer graphs.

An important result of the study was identification of
a significant probability of an increase in IA IMC values
with higher incidence of TIF (x* = 12.16, p = 0.0005)
(Figure 4), and directly proportional moderate correla-
tion between IMC and TIF (r = 0.38, p = 0.0001).

Table 3. Stratification of the risk of an increase in the
thickness of IMC MA in GN occurring with AH based on
clinical and laboratory parameters

Signs
Risk of
increased IMC SBP mmHg
100 | 140 160 180
Risk, % 30,7 60,6 74,1 84,2
Hypertension, stages
1 11 11
Risk, % 38,1 54,7 70,3
BUN, mmol/l
2 4 6 8
Risk, % 31,6 38,35 45,6 53,0
eGFR, ml/min/1,73 m?
100 80 60 40
Risk, % 45,3 52,1 58,8 65,2
eCKD, Ranks
1 2 3 4 5
Risk, % 37,3 52,6 67,5 79,5 87,9

Note: GN — glomerulonephritis, IMC MA — interlobular artery intima-media
complex, SBP — systolic blood pressure, AH — arterial hypertension, eGFR —
estimated glomerular filtration rate, CKD — chronic kidney disease

The table presents the risk of IMC MA thickening, expressed as a percentage,
depending on changes in clinical and laboratory parameters
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Figure 2. Cumulative curve of MA
remodeling development based on
the presence or absence of segmental
hyalinosis of glomerular capillary
loops

Note: the blue line is the presence of segmental
hyalinosis of the glomerular capillary loops, the
red line is the absence of segmental hyalinosis of
the glomerular capillary loops. GN — chronic
glomerulonephritis, IA — interlobular artery

Figure 3. Cumulative curve of IA
remodeling development based on
the presence of periglomerular focal

hyalinosis.
Note: blue line — presence of periglomerular focal
hyalinosis, red stripe — absence of periglomerular
focal hyalinosis. GN — chronic glomerulonephritis,
IA — interlobular artery

Figure 4. Graph of non-linear
logistic regression of the probability
of increasing the value of intima-
media complex of the interlobular
artery depending on the prevalence
of tubulointerstitial fibrosis and
the logistic regression equation.
Risk of increased intima-media
complex (IMC) = exp * (-0,7 + [0,04
* tubulointerstitial fibrosis (T1F)
(%)])/ (1 + exp *(-0,7 + [0,04 *
tubulointerstitial fibrosis (%)])

Note: IMC — intima-media complex, TIF —
tubulointerstitial fibrosis
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This study demonstrated that a condition for small
artery remodelling in GN is a systemic haemodynamic
factor. First, AH causes damage to arterial intima and
media in any vascular pool, while systemic hypertension
is an adverse prognostic factor of progressive renal tissue
remodelling in numerous diseases [6, 7]. Second, it has
been proven that prognosis of end-stage kidney disease
in GN depends not only on glomerular damages, but
also on the presence of tubular and vascular interstitial
damage [8]. Numerous studies demonstrate high signifi-
cance of AH as a determinant factor in the development
and progression of CKD [9, 10]. However, publications
on AH as a predictor of small artery remodelling in GN
are scant [8, 11, 12, 13].

A publication by Zhuang Y et al. (2020) discusses
analysis of factors affecting intrarenal haemodynamics
remodelling in secondary GN caused by viral hepatitis
B [8]. Their study evaluated the degree of small artery
damage found during a morphological examination of
renal bioptate. The degree of structural remodelling of
the small arterial bed was used for patient grading for
inclusion in the study groups. It has been shown that the
most significant small artery remodelling was associated
with high BP levels, serum creatinine concentrations and
tubulointerstitial damage. Besides, clinical outcomes of
patients with secondary GN were evaluated over a period
of 94.2 + 47.1 months. Multivariate regression analysis
was used to find out that higher serum creatinine levels
(1.011, 1.007-1.016), presence of AH (1.767, 1.004-
3.108) and small artery remodelling (2.194, 1.062-4.530)
were independent predictors of unfavourable outcomes
in patients.

Another study evaluated indirect data on the con-
dition of the microcirculation using sonographic signs
in patients with CKD, 82 % of which had glomerular
nephritis [11]. The study demonstrated that an increase
in the resistive index in segmental and interlobar arteries
directly correlated with the age (r = 0.435, p = 0.0063),
pulse pressure (r = 0.303, p = 0.022), renal tissue atro-
phy (r =-0,275, p = 0,038) and negative correlation with
impaired renal function (r = -0.402, p = 0.0018). The
authors conclude that tubulointerstitial changes and
impaired filtration function are most significant in the
increase of resistive index of small arteries.

Identification of the correlation between small
renal artery remodelling and tubulointerstitial changes
and AH was described in a number of other scientific
research papers with comparable results [12, 13]. How-
ever, the objective of a majority of studies was identifica-
tion of the fact of renal artery changes or comparison of
non-invasive kidney biopsy methods, without analysis of
the association between the degree of such changes and
the degree of AH.

Also, the association between glomerular and tubu-
lointerstitial changes and signs of IA IMC remodelling
has been established. In particular, it was demonstrated
that as long as hyaline degeneration of glomerulus anses

capillaires, focal periglomerular hyaline degeneration
and glomerulus sclerosis, as well as TIF develop and
progress, IA IMC remodelling becomes more common.
This fact is suggestive rather of addition of vascular
remodelling in GN to the overall remodelling process in
renal parenchyma and is not an evidence of the effect of
immune-mediated factors in GN. Apparently, the pres-
ence of AH and the association between the incidence
of IA remodelling and AH duration and severity (stage
and grade) make the haemodynamic effect more impor-
tant for IA remodelling in GN. To be on the safe side
with this hypothesis, future studies will be necessary to
evaluate the condition of IA IMC in patients with GN
in the absence of AH. It is likely that less marked signs
of vascular remodelling in this case would be another
argument in favour of the significance of the haemody-
namic factor in progressive IA remodelling in patients
with GN.

Conclusions

The study demonstrated that in GN with AH, the risk
of small renal artery remodelling depends on the sever-
ity and stage of AH as well as duration of the disease.
Also, small artery remodelling is associated with mani-
festations of renal tissue remodelling in GN, in the form
of tubulointerstitial and glomerular fibrosis. At the same
time, it has been demonstrated that the degree of pro-
teinuria does not correlate with changes in IA IMC.
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