-~

= KAMHNHECKME MCCAEAOBAHMA / CLINICAL INVESTIGATIONS

@ e

https://doi.org/10.29001/2073-8552-2021-36-4-57-66
YK 616.12-008.331.1-085.015.46-06:616.61

Accouunaumumn MPT napeHXMMATO3HbIX USMEHEHUN NoYHeK
U BUOXUMHYECKHUX NOKA3ATEAEU UX AUCCOYHKLLMU NPU
PEe3UMCTEHTHOMN APTEPUAABHOU TMNEPTOHUM

H.U. PromwuHa, U.B. 3t06aHoBq, A.E. Cyxapesa, M.A. MAHYKSH,
H.A. AHcbuHoreHosa, A.M. l'ycakosa, A.1O. PasbkoBckas, B.1O. Ycos

Hay4Ho-uccnegoBaTenbCkuii UHCTUTYT Kapgauonorumn, TOMCKUIA HauMOHanbHbIN nccneaoBaTenbCkuin MeQULMHCKUA LIEHTP
Poccuickorn akagemun Hayk,
634012, Poccwiickaa Pegepaums, Tomck, yn. Kuesckas, 111a

AHHOTAOULMA

AkTyanbHoCTb. [MockonbKy pe3nucteHTHas aptepuanbHas runepToHust (PAIN) oOblMHO CONPOBOXAAETCS NOPAXEHNEM MOYEK,
0coBEeHHO NpuW coYeTaHuM ¢ caxapHbiM anabetom 2-ro Tuna (CL2), paHHee BbiSIBNEHWE U3MEHEHWI B NOYKax nomoraeT n3be-
XaTb TSKENbIX CEpAEYHO-COCYANCTLIX OCIIOXHEHUI. B CBA3U C HEAOCTAaTKOM AaHHbIX O BU3yaribHbIX Mapkepax nove4yHorn amc-
dyHKkumm Npu PAT Halen Lenbto 6110 onpeaenuTs B3aMMOCBS3b MeXay 06beMaMm NOYEYHOM NapeHXMMbI U CbIBOPOTOYHbLIMU
Mapkepamu, onpegensowmmMm nx yHKLmuo, y naumeHTos ¢ PAT.

MaTtepuan v metoabl. 34 nauueHTa COOTBETCTBOBANM KPUTEPUSIM BKIMHOYEHUS W MPEeACTaBMsnu uUccnegyemyo rpynmny.
@DyHKLMI0O MOYEK OLEHMBanM Mo YPOBHIO CbIBOPOTOYMHOIO KpeaTuHWMHA M uucTatuHa-C, a Takke Mo pacyeTHOW CKOpPOCTU
kny6oukoBon cdunsTpauun (pCK®P). Paamep noyek no gaHHbiv MPT onpegensnu no abcontoTHOMY U MHAEKCUPOBaAHHOMY
o6bemam napeHxXnMbl.

PesynbTaTbl. CornacHo gaHHbIM MPT, OCHOBHbIMW BbISIBIEHHBIMU U3MEHEHUSIMU NOYe4HON napeHxumbl npy PAIT okasanuce
HepoBHble BYrpuCTble KOHTYPbI, UICTOHYEHNE KOPKOBOTO CIOSI, yMEHbLLEHUE pa3MepoB Nodek, okpyrnas dopma; pCKd numena
NPsIMYI0 KOPPENSLMI0 CpegHel MOLLHOCTM CO BCEMU M3YYEHHBIMIU NapaMeTpamMmn NovYevHoln napeHxmmMbl. Hanbonee cunsbHas
B3aMMOCB$A3b Oblna NpogeMoHCTprpoBaHa nHaekcom bsa-TKV (r=0,6166; p = 0,000). MHaekc ht-TKV nokasan cBasb ¢ eGFR
(r=0,4751; p = 0,007) n c kpeatuHuHom (r = —0,4302; p = 0,016). Mo Hawwmm gaHHbIM, uHaekc ht-T-Cortex-V < 32,4 (4yBCTBU-
TenbHocTb 83,3%, cneunduydHoctb 60,7%, p = 0,03) MOXHO pacLeHnBaTb Kak MPOrHOCTUYECKUIA MapKep Pas3BUTUS NMOYEYHON
ancyHkuun.

3akntoyeHune. MPT no3BonseT BbIABUTb paHHWE NapeHXMMaTO3Hble U3MEHEHNS B noykax npu PAT. MNMonyyeHbl yHUKanbHble
pesynbTaThl, OTPaXatLmne 3aBUCUMOCTb (PYHKLIMOHANBHOIO COCTOSIHMS NOYEK OT 0O6beMa noveyHon napeHxumbl npy PAT.
OnpepneneHbl MPT-mapkephbl 4N NPOrHO3NpoBaHNs XpoHuyeckon 6onesnu novek (XBIM) y nuy c PAT.

KnioueBble cnoBa: pe3nCTEHTHas apTepuarnbHasi TMNepToHUs, Mapkepbl AUCHYHKLUN NOYEK, MarHUTHO-PE30HaHC-
Hasi Tomorpadums, abCcontoTHbIN 06bEM NOYEK, HOPManM3oBaHHbI OObEM MOYeK, pacyeTHas
CKOPOCTb Kny6o4koBOM hunbTpaumn.

KoHdnukT nHtepecos: aBTOpbl 3aABNSAOT 06 OTCYTCTBUM KOHMNNKTA NMHTEPECOB.

Mpo3payHocTb huHaHCOBOM HWKTO N3 aBTOPOB HEe MMeeT (hMHaHCOBOWN 3aMHTEPECOBAHHOCTU B NPEACTaBMNEHHbIX MaTepua-
AeATeNbHOCTH: nax unu metogax.

CooTBeTCTBME NPUHLMNAM OJHOMOMEHTHOe HabmnoaaTensHoe nccnefoBaHne NpoBeAeHO B COOTBETCTBMM CO CTaHAapTa-

3TUKM: MU Hagnexallen KIIMHUYECKON NPaKTUKM 1 NpuHUmMnamMu XenbCUHKCKON aeknapauuu. Vccne-
[0BaHne ofobpeHo NnokanbHbIM 3Tu4eckum komutetom (npotokon Ne 134 ot 11.06.2015 1.).

Onsa uMTMpoBaHus: PtomMwmHa H.U., 3io6arHosa L.B., Cyxapesa A.E., MaHyksiH M.A., AHduHoreHosa H.[., NycakoBa
A.M., ®anbkosckas A.1O., Ycos B.HO. Accoumaummn MPT napeHxMMaTo3HbIX U3SMEHEHUI MoYeK
N BMOXMMMYECKMX MoKasaTenen Mx ANCHOYHKLUM NpU Pe3UCTEHTHOW apTepuanbHOW rmnepTo-
Hun. Cubupckul XypHas KIuHUYecKol U aKkcriepumeHmasbHoU meduyuHsl. 2022;37(1):57—-66.
https://doi.org/10.29001/2073-8552-2022-37-1-57-66.
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Abstract

Objective. Resistant hypertension (RHT) is often associated with kidney injury and chronic kidney disease, especially in
diabetic patients. Early detection of renal changes contributes to avoiding severe cardiovascular complications, but imaging
characteristics of renal dysfunction in RHT remain unclear. The aim of the present study was to determine the relationships
between the renal parenchyma volumes and biomarkers reflecting kidney function in a cohort of patients with RHT.

Material and Methods. The study comprised 34 patients with RHT meeting the inclusion criteria. Evaluation of renal function
was based on the measurements of estimated glomerular filtration rate (eGFR) and serum levels of creatinine and cystatin C.
Renal sizes were assessed by MRI based on absolute and normalized parenchymal kidney volumes.

Results. Primary MRI-based changes in renal parenchyma in patients with RHT demonstrated altered cortical surface,
attenuated cortical thickness, lower renal volumes, and round shape of the kidneys compared with the reference characteristics.
Positive correlation of moderate power was found between eGFR value and all parameters characterizing renal parenchyma.
The strongest direct correlation was found between eGFR and bsa-TKV (r=0.6166, p = 0.000); ht-TKV correlated with eGFR
(r=0.4751, p = 0.007) and creatinine (r = -0.4302, p = 0.016). According to linear regression analysis, ht-T-Cortex-V < 32.4
was a key element of MRI-presentation of renal dysfunction in patients with eGFR below 60 mL/min/1.73 m? (sensitivity of
83.3%, specificity of 60.7%, p = 0.03).

Conclusion. MRI study allowed to detect early renal parenchymal changes suggesting the presence of association between
renal function and renal parenchymal volume in RHT patients. For the first time, the study revealed MRI-pattern of renal
dysfunction in RHT.

drug-resistant hypertension, renal dysfunction markers, magnetic resonance imaging, absolute
renal volume, normalized renal volume, estimated glomerular filtration rate.
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Introduction

True resistant hypertension (RHT) is a poorly studied
nosological entity due to the difficulty in differentiating it from
hypertension in patients who do not adhere to treatment [1].
Little is known about the causes, pathogenic mechanisms,
patient characteristics, prognostic factors, and outcomes of
RHT. The prevalence of RHT was reported to range from
about 7% to nearly 27% in different populations of patients
who receive treatment for hypertension [2]. Considering high

prevalence of this condition, it is vital to improve knowledge
regarding all aspects of RHT diagnosis and treatment.
Target organ study is pivotal for making correct
diagnosis and providing proper treatment for RHT. Besides,
damage to vital organs in RHT independently increases
the risk of cardiovascular adverse events according to
European Society of Cardiology’s risk estimation system.
There is a similarity between the mechanisms causing the
remodeling of the myocardium, blood vessel wall, and kidney
parenchyma, all of which accelerate kidney and heart failure
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[3]. Studies focusing on cerebral, cardiac, vascular, and renal
assessments represent the core of establishing accurate
diagnosis and providing adequate treatment to RHT patients.
To assess kidney function, it is required to perform tests for
uric acid, estimated glomerular filtration rate (eGFR), and
urinary protein excretion [4]. Recent advances in imaging
modalities allowed to achieve great success in assessing renal
structure, morphology, perfusion, function, metabolism, and
oxygen saturation [5]. Among renal instrumental diagnostic
modalities, renal ultrasonography is recommended as the
most straightforward imaging test that allows to look at the
kidneys [6]. However, ultrasound remains limited in image
resolution and quantitative assessment of renal parenchymal
structure.

On the contrary, state-of-the-art magnetic resonance
imaging (MRI) allows for both qualitative and quantitative
examination of renal structure and function. Moreover,
evidence suggests that structural changes in the kidneys
occur earlier than altered serum markers of renal dysfunction
[7]. Currently, the use of renal MRI is uncommon in RHT
patients in everyday clinical practice. There are the gaps in
our knowledge on the associations between altered renal
parenchymal ultrastructure and kidney function. In this study,
we aimed to determine the relationships between the renal
parenchymal volumes and biomarkers reflecting kidney
function in a group of RHT patients.

11.8cm

Material and Methods

A cross sectional observation study was performed
in compliance with European standards for good clinical
practice and Declaration of Helsinki. The protocol of the study
was approved by the local Ethics Committee (protocol No.
134 from June 11, 2015). The recruitment of patients took
place from November 2013 to October 2018. RHT diagnosis
was established based to the guidelines generated by the
European Society for Hypertension [4].

Inclusion criteria were age of 18-80 years, the presence
of RHT, and both sexes. All participants provided signed
informed consent while agreeing to participate in the study.
Exclusion criteria were oncological diseases, inflammatory
diseases, kidney trauma injury, and absolute and relative
contraindications for MRI examinations.

MRI study was performed on base the Core Facility
«Medical genomics», Tomsk NRMC.

The kidney MRI studies were performed using 1.5T
magnetic resonance system (Titan Vantage, Toshiba
Medical, 2010) using built-in and external 8-channel receive
coil for the entire body. Scanning protocol involved coronary
and axial T1 fat saturation (TR = 153 ms, TE = 4 ms) and
T2 (TR = 7500 ms, TE = 91 ms) spin-echo sequences. The
total volumes and the cortical and medullary volumes of each
kidney were measured by ellipsoid approach (Figure 1) [8]:

Fig. 1. Kidney MRI. A — frontal projection, T1SE fat saturation; B — axial projection, T1SE. Methods for measurements of linear kidney dimensions are shown
Puc. 1. MPT nouek. A — kopoHapHas npoekuus, B — akcnanbHas npoekuus, T1 — cnuH-axo n3obpaxeHue. Noka3aHa meToguka OLEHKN NMUHENHbIX pa3MepoB

novek

Considering that renal sizes depend on patient
anthropometry features, the values of total overall, cortical,
and medullary renal volumes (TKV, T-Cortex-V, and
T-Medulla-V) were normalized by height (ht-TKV, ht-T-
Cortex-V, and ht-T-Medulla-V), body surface area (BSA)
(bsa-TKV, bsa-T-Cortex-V, and bsa-T-Medulla-V), and body
mass index (BMI) (bmi-TKV, bmi-T-Cortex-V, and bmi-T-
Medulla-V), respectively, as follows:

The eFilm 3.4 software (MergeHealth, 2010) was used
to analyse images and measure the parameters of interest.
Serum cystatin-C and creatinine concentrations were as-
sessed to characterize renal excretory function. eGFR was
determined according to equation recommended by Chron-
ic Kidney Disease Epidemiology Collaboration. Office blood

pressure was assessed according to routine methodology.
Automatic oscilloscope monitors AVRM-04 (Meditech, Hun-
gary) and BPLab (Peter Telegin LLC, Russia) were used to
provide 24-hour blood pressure monitoring.

Data were processed with STATISTICA 10.0 software
for Windows. Normality of distribution of variables was de-
termined by the Shapiro-Wilk’s test. Data are presented as
mean, standard deviation (M £ Sd), median (Me), and inter-
quartile interval (Q,; Q,). Categorical variables are presented
as absolute numbers and percentages (n and %). t-test was
used to identify the differences between continuous variables
in independent samples. Nonparametric Mann—Whitney test
was used to identify the significance of differences of data
lacking normal distribution. Multiple comparisons tests for
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three independent samples were performed based on the
Kruskal-Wallis test. The Pearson correlation coefficient (rp)
and univariate regression analysis allowed to assess the as-
sociations between the variables. Receiver operating curve
(ROC) analysis was used to construct ROC curves and de-
termine the cut off values of quantitative variables; area un-
der the curve was calculated. Values were considered statis-
tically significant when p was < 0.05.

Results

Clinical characteristics of patients

The study comprised a total of 34 patients aged 57.8 + 8.4
years with the verified diagnosis of RHT. Known RHT duration

was 21 [15; 35] years; 12 patients had stage Il, and 22
patients had stage Il hypertension; 26 patients had CKD G2
(eGFR =90 mL/min per 1.73 m?), and 5 patients had CKD G3
(eGFR < 60 mL/min per 1.73 m?); 41% patients had diabetes
mellitus. Absolute and relative clinical characteristics and risk
factors in patients of study group are given in Table 1.
Results of instrumental studies and biochemical renal
tests are presented in Table 2.
Kidney volumes

MRI-based mean absolute and indexed renal parenchymal
volumes are presented in Table 3.

The values of TKV significantly differed between men and
women (p = 0.002) (Table 4).

Table 1. Basic clinical characteristics of study patients. Qualitative data

Tabnuua 1. OCHOBHbIE KIIMHUYECKME XapaKTepUCTUKN ncenegyeMon rpynnel nauneHToB. KayecTBeHHble faHHble

Parameters / MapameTpsbl

Gender (male/female), n (%) / Mon (My>xckonsxeHckuin), n (%)

Total group of patients / KonnyecTtBo nauueHToB

11 (32)/23 (68)

Overweight, n (%) / Oxupenue, n (%) 9 (26)
Class | obesity, n (%) / Mepsas cteneHb, n (%) 10 (29)
Class Il obesity, n (%) / Bropasi cteneHb, n (%) 8 (24)
Class lll obesity, n (%) / TpeTbsa cTeneHb, n (%) 7 (21)
CKD, grade 1, n (%) / XBI, 1-a ctagus, n (%) 8 (24)
CKD, grade 2, n (%) / XBI, 2-a ctagus, n (%) 21(61.8)
CKD, grade 3, n (%) / XBI, 3-a ctagus, n (%) 5(14.7)
CAD, n (%) / BC, n (%) 19 (56)
Carotid atherosclerosis, n (%) / ATepocknepo3s CoHHbIx apTepuid, n (%) 28 (82)
Previous CVE, n (%) | Cocyauctble cobbiTusi B aHamHese, n (%) 7(21)
LV hypertrophy, n (%) / TTDK, n (%) 30 (88)
Smokers, n (%) I Kypunbimkm, n (%) 4 (11.7)
Dyslipidemia, n (%) / Ancnunuaemus, n (%) 31(91)
Abdominal obesity, n (%) | AbooMmuHaneHoe oxupeHue, n (%) 29 (85.3)
Type 2 diabetes mellitus, n (%) / CA2, n (%) 14 (41)

Note: CAD — coronary artery disease, CKD — chronic kidney disease, CVE — cerebrovascular events, LV — left ventricular. Data are ex-

pressed as numbers (percentages).

Mpumeyvanue: BC — nwemunyeckas 6onesHb cepaua, MK — runepTtpodust nesoro xenynoyka, CO2 — caxapHbli anabet 2-ro tuna,

XBIM — xpoHuyeckasi 6oresHb Noyek.

Table 2. Basic clinical characteristics of study patients. Qualitative data are presented as mean + standard deviation or median (Me) and

interquartile range (Q;; Q)

Tabnuua 2. OCHOBHbIE KNWHUYECKUE XapaKTepUCTUKN UCCNEAyeMoi rpynbl NaumMeHToB. KonmyecTBeHHbIe AaHHbIe NpeAcTaBleHbl B
BUAe cpeAHee  CTaHAapTHOE OTKMOHEeHWe unn MeamaHa (Me) v MexKeapTunbHbIn UHTepBan (Q;; Q,)

Characteristics / NMapameTpsbl

Value / 3HaueHne

Age, years |/ Bo3pacr, net 57.8+8.4
BMI, kg/m2 / UMT, kr/m? 3455
Waist circumference, cm / Okpy>XHOCTb Tanum, cm 106.1+13.2
Duration of hypertension, years / JnuTensHOCTb runepToHun, net 23+11.6
Office SBP, mmHg / OducHoe CA[l, MM pT. CT. 164 (153; 182)
Office DBP, mmHg / OcoucHoe OAL, MM pT. CT. 92.7 + 17
24-h ambulatory SBP, mmHg / CA} no agaHHeiM CMA[, MM pT. CT. 158 (150; 167)
24-h ambulatory DBP, mmHg / AAL no gaHHbiM CMA[L, MM pT. CT. 89 (76; 102)
Creatinine, pmol/L / KpeaTnHuH, MMonb/n 80.5+14.3
eGFR, mL/min/1.73 m? / pCK®, mn/muH/ 1,73 m? 77.2+15.2
Cystatin C, mg/L / Luctatun C, mr/n 725.7 £202.1
Number of antihypertensive drugs / KonuuectBo aHTUrMnepTeH3nBHbIX NpenapaTos 4 (3;5)

Note: BMI — body mass index, SBP — systolic blood pressure, DBP — diastolic blood pressure, SBP — systolic blood pressure, eGFR —
estimated glomerular filtration rate.

Mpumevanune: OAL — anactonuyeckoe aptepuansHoe aaeneHve, UMT — nHaekc maccel Tena, CALl — cuctonuyeckoe aptepuarnbHoe
nasnenve, CMA[] — cyTo4HOe MOHUTOPMPOBaHWe apTepuanbHoro Aaenexus, pPCK® — pacueTHasi ckopocTb KnybGo4KoBON hunbTpaLmn.
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Table 3. Indexed renal parenchymal volumes
Ta6bnuua 3. HgekcupoBaHHble 06bEMbI NOYEYHON NapeHXUMbI

Characteristics / MapameTpel Total \colume, cmd/ ht-indexed / bsi-indexed / bmi-indexed /
O6wuin o6bem, cm® MHOEeKcaumsi Ha pocT nHaekcauusa Ha MNT nmHaekcauua Ha UMT
Kldneys/l‘loqm 36581851 ................. 943t1698 182951354 1097i32 .........
Cortex / KopkoBoe BeLLecTBO 122 (96; 161) 32.8 (27.1; 40.3) 67.5+19.1 41+15
Medulla / Mosroeoe BelecTso 23.1+524 60.1+£12.3 116.3 £ 24.0 6.95+2.0

Note: ht — indexed by height, bsa — indexed by body surface area, bmi — indexed by BMI.
Mpumeyanune: UMT — nigekc maccel Tena, MMT — nnowaas NoBepxHOCTH Tena.

Table 4. Comparison of absolute and normalized renal volumes in men and women
Ta6nuua 4. CpaBHeHVe abCONIOTHBIX U MHAEKCUPOBaHHbIX 0OBbEMOB NMOYEK Y MY>UMH U KEHLLNH

Characteristics / MapameTpbl Females / KeHLmHbI Males / My»4uHbl p-value / 3Ha4eHne p

TKV 333.1+77.6 4251 +£66.1 0.002
ht-TKV 94.9+17.8 93+15.9 0.7
bsa-TKV 173.8 £33.2 202.1 +33.5 0.03
bmi-TKV 95+25 13.9+26 0.000
T-Cortex-V 118.5 £40.5 167.1£31.7 0.001
ht-T-Cortex-V 33.7+£9.9 36.5+6.9 0.4
bsa-T-Cortex-V 61.8+18.4 79.4 £15.1 0.01
bmi-T-Cortex-V 34£12 55+£1.2 0.000
T-Medulla-V 216.8 £ 50.6 257.8 £46.7 0.03
ht-T-Medulla-V 61.83+125 56.5+11.5 0.2
bsa-T-Medulla-V 113.3+£23.9 122.7£24.0 0.2
bmi-T-Medulla-V 6.2+1.7 85+1.8 0.001

Note. data are expressed as mean + standard deviation. TKV — total kidney volume, ht-TKV — total kidney volume indexed by height, bsa-TKV — total kidney
volume indexed by body surface area, bmi-TKV — total kidney volume indexed by body mass index, T-Cortex-V — total cortical volume, ht-T-Cortex-V — total
cortical volume indexed by height, bsa-T-Cortex-V — total cortical volume indexed by body surface area, bmi-T-Cortex-V — total cortical volume indexed by
body mass index, T-Medulla-V — total medullary volume, ht-T-Medulla-V — total medullary volume indexed by height, bsa-T-Medulla-V — total medullary vol-
ume indexed by body surface area, bmi-T-Medulla-V — total medullary volume indexed by body mass index.

MpvmeyaHue: faHHble NMpefcTaBneHbl B BUAe CpefHee * cTaHOapTHOe OTKMOHeHue. TKV — obwuii o6bem nouek, ht-TKV — obwmii 06bem nouek,
MHOEKCUPOBaHHLIA Ha pocT, bsa-TKV — obwuin o6beM Moyek, MHAEKCMPOBAHHLIM Ha Nnowanb noBepxHoct Tena, bmi-TKV — obwmii 06bem nouek,
MHOEKCUPOBaHHBLIA Ha UHAeke macchl Tena, T-Cortex-V — o6Lwuin o6bemM KopkoBoro BelecTsa novek, ht-T-Cortex-V — o6wwmnit 06beM KOPKOBOrO BeLLecTBa
roYek, UHAEKCUPOBaHHbIN Ha pocT, bsa-T-Cortex-V — o06wuin 06beM KOPKOBOro BelLecTBa NoYek, MHAEKCUPOBaHHBIN Ha NoLladb NOBEPXHOCTU Tena, bmi-
T-Cortex-V — o6Wwuit 06bEM KOPKOBOrO BELLECTBA NOYEK, MHAEKCUPOBaHHBIA Ha MHAEKC Macckl Tena, T-Medulla-V — o6wwuii 06bem MO3roBoro BellecTsa
nouyek, ht-T-Medulla-V — o6Lwmit 06beM MO3roBOro BeLLecTBa NOYek, MHAEKCMPOBaHHLIN Ha pocT, bsa-T-Medulla-V — o6Lwmit 06beM MO3roBoro BellecTBa
roYek, MHAEKCMPOBaHHbIN Ha Mnolab NoBepxHocTn Tena, bmi-T-Medulla-V — o6wuit 06beM MO3roBOro BeLLecTBa NOYeK, MHAEKCMPOBAHHLIA Ha MHAEKC
maccel Tena.

Patients were assigned to three groups based on eGFR:
group 1 comprised patients with eGFR > 90 mL/min/1.73 m?;
group 2 comprised patients with eGFR = 60-90 mL/min/
1.73 m?; and group 3 comprised individuals with eGFR < 60
mL/min/1.73 m2. No differences between TKV values were
found between groups (p > 0.05). On the contrary, significant
differences were found in ht-TKV values between the groups
with normal renal function, reduced renal function, and stage

3 CKD. Data showed that the groups significantly differed in
cortical volume. The lower the renal cortex index was, the
lower the eGFR values was (Figure 2). A significant difference
was seen in minimal renal cortical volume measured by T2
SE images.

Further correlation analysis was done to detect the
associations between parenchymal volumes and renal function.
ht-TKV was the most informative parameter (Table 5).

Table 5. Correlations of eGFR values and creatinine levels with indexed kidneys volumes

Ta6nuua 5. Koppensuum pCK® 1 ypoBHS CbIBOPOTOUHOTO KpeaTUHWUHA C MHOEKCMPOBaHHLIMU 06beMamMu noYek

Characteristics / MapameTpsbl eGFR / pCK® p-value / ypoBeHb p Creatinine / KpeaTuHuH p-value / ypoBeHb p

Er TR LR L R I 054060002 .......................... 012750494 ..........
ht-TKV 0.4751 0.007 -0.4302 0.016
bsa-TKV 0.6166 0.000 -0.2843 0.121
bmi-TKV 0.5838 0.001 -0.0852 0.648
T-Cortex-V 0.4936 0.005 -0.1031 0.581
ht-T-Cortex-V 0.4606 0.009 -0.3094 0.090
bsa-T-Cortex-V 0.5401 0.002 -0.2028 0.274
bmi-T-Cortex-V 0.5439 0.002 -0.0707 0.706
T-Medulla-V 0.4809 0.006 -0.1282 0.492
ht-T-Medulla-V 0.3456 0.057 -0.3998 0.026
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OkoHyaHue Tabn. 5
End of table 5

Characteristics / MapameTpbl eGFR / pCK® p-value / ypoBeHb p Creatinine / KpeaTuHunH p-value / ypoBeHb p
bsa-T-Medulla-V 0.5244 0.002 -0.2843 0.121
bmi-T-Medulla-V 0.5457 0.001 -0.0893 0.633

Note: TKV - total kidney volume, ht-TKV — total kidney volume indexed by height, bsa-TKV — total kidney volume indexed by body surface area, bmi-TKV —
total kidney volume indexed by body mass index, T-Cortex-V — total cortical volume, ht-T-Cortex-V — total cortical volume indexed by height, bsa-T-Cortex-
V — total cortical volume indexed by body surface area, bmi-T-Cortex-V — total cortical volume indexed by body mass index, T-Medulla-V — total medullary
volume, ht-T-Medulla-V - total medullary volume indexed by height, bsa-T-Medulla-V — total medullary volume indexed by body surface area, bmi-T-Medul-
la-V — total medullary volume indexed by body mass index, eGFR - estimating glomerular filtration rate.

Mpumeyanue: TKV — o6wmint 06bem noyek, ht-TKV — o61wmin 06bem novek, MHAeKCUpoBaHHbI Ha pocT, bsa-TKV — 06wt 06bem novek, MHOEKCUPOBaHHbI Ha
nnowagb NoBepxHocTy Tena, bmi-TKV — o61wmin 06bem noyek, MHAEKCMPOBaHHBI Ha MHAEKC Maccbl Tena, T-Cortex-V — o6Lwmii 06beM KOPKOBOro BeLlecTBa
nouek, ht-T-Cortex-V — o6Luit 06emM KOPKOBOTO BeLLEeCTBa NoYeK, MHOAEKCUPOBaHHbIN Ha pocT, bsa-T-Cortex-V — 06wt 06beM KOPKOBOrO BELLLECTBA NOYeEK
MHOEKCMPOBAaHHbIA Ha nnowagb noBepxHocT Tena, bmi-T-Cortex-V — o6wuin 06bem KOPKOBOro BELLECTBa NOYEK, MHOAEKCMPOBAHHbIA Ha MHOEKC Macchl
Tena, T-Medulla-V — o6wmit 06bem Mo3roBoro BellecTsa noyek, ht-T-Medulla-V — 061wmit 06beM MO3roBOro BeLLEeCTBa NoYeK, MHAEKCUPOBAHHbBIN Ha POCT,
bsa-T-Medulla-V — o6wmit 06beM MO3roBoro BelLecTBa NOYeK, MHAEKCUPOBAHHBLIA Ha Mnowanb NoBepxXHOCTM Tena, bmi-T-Medulla-V — obwuii 06bem
MO3roBOro BELLECTBa NOYeK, MHAEKCMPOBAHHBIN Ha MHAEKC Macchl Tena, pCK® — pacyeTHasi ckopocTb kiy6o4koBOIN unbTpaumu.
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Fig. 2. Comparison of total cortical volume and its indexes among the three eGFR groups (Group 1, eGFR > 90 mL/min per 1.73 m?; Group 2, eGFR = 60—
90 mL/min per 1.73 m?, and Group 3, eGFR < 60 mL/min per 1.73 m?)

Puc. 2. CpaBHeHue o6Luero o6bema KOpKOBOTrO BeLLECTBa U ero MHAEKCOB B rpynnax ¢ pasHoi yHKLMOHaNbHOWM akTMBHOCTBIO noyek (1 — rpynna ¢ pCKe >
90 mn/mun/ 1,73 Mm%, 2 — rpynna ¢ pCK® = 60-90 mn/mun/ 1,73 M2 3 — rpynna ¢ pCK® < 60 mn/mMun/ 1,73 m?)

Moreover, being an essential indicator of preserved renal Data of one-way regression analysis showed the linear
function, eGFR had positive relationships with almost all  relationships of eGFR and serum creatinine with TKV
volumetric parameters. We observed a direct association of  indexed by height (ht-TKV-eGFR: 2= 0.17, p = 0.013; ht-

eGFR with renal parenchymal measurements. TKV—creatinine: 2= 0.16, p = 0.021) (Figure 3).
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ROC analysis allowed to identify MRI marker of renal
dysfunction in patients with eGFR below 60 mL/min/1.73
m2. The risk of developing CKD and RHT increased along
with a decrease in renal parenchymal volume. ht-T-Cortex-V
demonstrated the highest diagnostic value (Figure 4).
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Fig. 4. ROC curve for the prediction of decrease in eGFR < 60 mL/min per
1.73 m2based on ht-T-Cortex-V for the entire study sample

Puc. 4. ROC-kpuBasi, onpeaensioLlas noporosoe 3HayeHne obbema Kopbl
noyek, UHAEKCUPOBAHHOIO Ha POCT, Npu KOTopoM pCK® < 60 mn/MuH /
1,73 m?

The results of ROC analysis for other indices were
calculated, but were less significant. ht-T-Cortex-V < 32.4
was an MRI marker of renal dysfunction with sensitivity of
83.3% and specificity of 60.7% (p = 0.03) in patients with
eGFR below 60 mL/min/1.73 m2,

In RHT patients with CKD and T2DM (n = 4), the values
of eGFR were below 60 mL/min/1.73 m?, i.e. corresponded
to CKD grade 3 in the presence of mean ht-T-Cortex-V
of 26.9.

Discussion

Our study allowed to identify MRI signs of renal changes
characteristic of RHT and prove their clinical significance
based on their correlational relationships with renal functional
parameters.

We also detected the significant differences in the renal
volumes and volumetric indexes depending on gender:
the values were higher in men than in women except for
the height-indexed values. The sex-related differences
persisted when indexed by BMI and BSA, but not height. This
observation agrees with the results of Framingham Heart
Study, which provided reference TKV values of 415.2 and
322.2 cm?® for men and women, respectively [9]. Our results
showed TKV values of 425.1 + 66.1 cm® and 333.1 £ 77.5 cm®
in men and women, respectively. No associations were found
between renal volumes and age. Our data showed that eGFR
significantly decreases along with a decrease in the renal
volume. Similar results were obtained by Noda et al. when
they compared the renal cortical volumes in groups assigned
based on eGFR values [11].

Being a marker of renal dysfunction in RHT, ht-T-Cortex-V
was involved in especially remarkable relationships, and we
detected a threshold value of 32.4 cm3/m?7, below witch we
predicted a decrease in eGFR lower than 60 mL/min/1.73 m2.

Besides, we found the associations between ht-TKV
and creatinine, whereas eGFR value showed correlations
of varying degree with all absolute and normalized renal
volumes. It does agree with the correlations between eGFR
and ultrasonography-based kidney volumes [21].

To interpret obtained results, we would like to mention
several pathophysiological processes occurring in the renal
parenchyma in RHT and eventually resulting in fibrosis
development. Indeed, evidence suggests that age-related
micro-anatomical changes in the renal structure include
a decrease in the number of functional glomeruli due to
nephrosclerosis (arteriosclerosis, glomerulosclerosis,
and ductal atrophy with interstitial fibrosis), increase in
the number of extracellular matrix fibres, and, to a certain
degree, a compensatory residual nephron hypertrophy.
Low oxygenation of renal cortex due to chronic hypoxia in
RHT contributes to renal function decline [12]. Moreover,
comorbidity of T2DM and CHF accelerate the processes of
renal fibrosis progression and, correspondingly, attenuate
renal function. RHT coexists with T2DM [14] and CKD [15] in
the third of patients whose kidneys become the main target
organs. MRI signs of renal decline are seen significantly
earlier in the presence of RHT concomitant with CKD and
T2DM, and MRI approaches allow to assess both renal linear
sizes and renal shape closely associated with patient age,
body weight, and CKD burden [16].

According to expert opinion, diagnostic value of MRI
is similar to that of kidney biopsy, which is considered
the method of choice for detecting fibrosis. Modern MRI
modalities such as diffusion-weighted imaging (DWI),
visualization of the level of oxygenation (BOLD), and arterial
spin marking (BOLD) allow high-accuracy quantification of
the degree of renal fibrosis without radiation and contrast
agent exposure to patient. T1-mapping is a vigorously
studied and the most promising method for quantifying renal
parenchyma fibrosis. The T1-weighted signal from the renal
cortex is elevated in individuals with a decrease in eGFR
and impaired corticomedullary differentiation [17]. Taking into
account that CKD is a multifactorial disease, the integration
of multiparametric MRI with accurate assessments of kidney
perfusion, oxygenation, fibrosis severity, and biochemical
tests can provide a reliable assessment of the stage of CKD
and potentially predict the progression of the disease.

Approaches to measuring renal sizes are diverse.
Perhaps, the elliptical approach to quantifying TKV may be
the most reliable and easy to perform. In previous studies,
TKV and ht-TKV were suggested to be informative renal
markers in patients with renal pathology [19]. Our investigation
demonstrated ht-T-Cortex-V as a potential MRI sign of renal
dysfunction. ht-T-Cortex-V has a high diagnostic value as
it is independent on gender and anthropometry while being
valuable for evaluation of renal function.

T2DM and CKD aggravate adaptive hypertrophy of
functional glomeruli in RHT patients and are associated
with unfavourable global glomerulosclerosis and arteriolar
hyalinosis [18]. Therefore, we pioneered suing MRI for both
qualitative and quantitative studies of kidneys in patients
with RHT. The convenience of proposed MRI-based method
consists in easily achievable distinction between renal cortical
and medullar layers without using contrast agents.
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Direct associations found between MRI-assessed TKV
and eGFR in our study are similar to the correlations between
eGFR values and ultrasonography-based kidney volumetric
parameters [21].

Study limitations

Renal function was assessed based on eGFR value
calculated using the serum creatinine level whereas the use
of inulin and some other markers of glomerular filtration are
considered more precise. Our single-centre study included
relatively small number of patients. Renal MRI and follow
up examinations were performed by one experienced
researcher.

Conclusions

Quantitative assessment of MRI metrics provides
information essential for understanding renal changes in RHT.
As a measure of renal function, eGFR is closely associated
with height-indexed ht-TKV and ht-T-Cortex-V. Considering
sex-independent strong relationship between ht-T-Cortex-V
and renal function, we encourage other researchers to use
this index in future research. Further identification of factors
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