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Clinical significance of the abnormal Doppler spectrum
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of renal blood flow in patients with long-term transplant dysfunction
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Relevance. One of the main causes of graft loss in a recipient after kidney transplantation is acute rejection.

The purpose of the work - to study the Doppler ultrasound measurements of renal transplant blood flow in patients with efficient
depuration function and renal graft dysfunction in the late postoperative period following KT.

Materials and methods. As an initial step, an ultrasound examination of renal transplants was performed in 26 patients with
creatinine levels within the normative values (group 1) during the period 2014-2015. The second study was based on the ultrasound
examination results of the renal transplants in 26 patients with creatinine levels exceeding the standard values (group 2) during
the period 2015-2016.

Results. The first group of recipients included 15 male (57.7 %) and 11 (42.3 %) female (the mean age was 31.40 £ 1.67 years). A
living related kidney transplantation (LRKT) was performed in 61.54 % of patients, in 38.46 % — a cadaveric kidney transplantation
(CKT). In all the patients, plasma creatinine level was within normative values or not exceeding them more than 25 %, on average,
ranging from 94 to 130 pymol/L and its mean value was 114.5 + 3.85 umol/L. The second group of recipients consisted of 14
(53,84%) male and 12 (46,16%) female (the mean age was 38.99 + 2.32 years). LRKT was performed in 6 patients, and CKT in
20 patients. In all the patients plasma creatinine level was above the normal range, on average, ranging from 155 to 629 pmol/L
and its mean value was 259.46 + 35,33 pmol/L.

Conclusions. The obtained data reliably indicate that if TAMX of interlobar arteries less than 15 cm/s, the probability to reveal
the clinical signs of renal allograft dysfunction is more than 90 %, regardless of the renal segment evaluation in recipients in
the long-term period after organ transplantation.

KAiHiuHa 3HauyLicTb NopyLieHb AONAEPIBCbKOro CNEeKTpa PeHaAbHOro KPOBOTOKY
B NauieHTiB i3 AMCYHKLIEIO TpaHCNAAHTaTa Y BiAAaAeHi TepMiHuM nicaa onepauji

B. B. lkumeHnko

OpnHa 3 roNoBHUX NPUYMH, LLO BUKIUKAE 3arnbenb (yHKLIOHYI04OT TKaHUHW HUPKW B peuunieHTa nicns TpaHcnnaHTauii, — roctpe
BiZTOPrHEHHsI.

MeTa po60TH — BUBYUTY YNETPA3BYKOBI XapakTepuUCTUK, LonneporpadivHi NokasHUKM KPOBOTOKY MO CyAMHaX TPaHCMIaHTOBa-
Hoi HUpku (TH) y nauieHTiB 3i 30epexeHot0 AenypaLinHoo yHKLUIE Ta AUCHYHKLIE HAPKOBOMO TpaHCMnaHTaTta y igganeHi
TepMmiHv nicns TH.

Marepianu Ta metogm. Y nepiog 20142015 pp. BMKkoHanu ynstpassykose focnimkeHHs (Y3[) HUpkoBux TpaHcnnaHTatie 26 navlieH-
TaM i3 piBHAMYM KpeaTuHiHy B MEXax HOpMaTUBHUX 3HaueHb (rpyna 1). Apyre gocnimxeHHs 6asyeTbest Ha pesynbtatax Y3/l HUpKoBKX
TpaHCnnaHTarTiB y 26 NauieHTIB i3 PIBHAMM KpeaTUHIHY, LU0 NepeBuLLYIOTb HOPMATMBHI 3Ha4eHHs (rpyna 2), y nepiog 2015-2016 pp.

Pe3syniratu. CepepHili Bik peumnieHTiB nepLuoi rpynu ctaHosms 31,40 £ 1,67 poky. Yonosikis cepen peuwnienTis — 15 oci6 (57,7 %),
XiHok — 11 (42,3 %). MposeneHa crnopigHeHa TH (CTH) y 61,54 % nauienTis, y 38,46 % — TpynHa TH (TTH). Y Beix navieHTis
piBeHb KpeaTWHiHy Nna3mu BignoBigas HOPMATUBHUM 3Ha4eHHsM abo nepeBwLLyBaB iX He BinbLue HiX Ha 25 %, konuBakumuch y
cepenHbomy Bif 94 fo 130 Mkmonb/n, cTaHoBNA4M B cepeaHbomy 114,50 + 3,85 mkmonb/n. CepeaHii Bik peLmnieHTiB apyroi rpynu
craHoBuB 38,99 + 2,32 (34,35-43,62) poky. YonosikiB cepen peumnieHTis — 14 ocib (53,84 %), xiHok — 12 (46,16 %). 3giicHeHa
CTH y 6 nauieHTis, y 20 — TTH. Y Bcix nawjieHTiB piBeHb KpeaTuHiHy nnasmv OyB BULLMM 32 HOPMarbHi 3HA4YEHHS, KONMBaKOYNCh
y cepeaHboMy Bif 155 0o 629 mMkmonb/n, cTaHOBNSYM B cepeHboMy 259,46 + 35,33 mkmonb/n. Mpynu 3icTaBHi 3@ OCHOBHUMU
KniHiko-gemorpadiyHMMK napameTpamm.

BuicHoBku. [JaHi BiporigHo nokasytoT, Lo npy TAMX iHTepriobapHWx apTepiit MeHLLE Hix 15 cm/C BiporigHICTb BUSIBNEHHS! KIIHIYHWX
03HaK POpPMyBaHHS NOPYLLEHHS PYHKLIOHANBHOTO CTaTYCy PearisHOro anoreHHOro TpaHCTNaHTara (HE3anekHO Bif OLLHKV CErMeHTa
HVpKK) cTaHoBWTb MoHad 90 % Yy peLmnieHTiB y BinaaneHoMy nepiogi nicrs XipypriYHoro BTpyYaHHs 3 NpUBOAY Nepecaaku opraHa.

KAMHUYecKaa 3HAUMMOCTb Hapymel-wlﬁ AOMNMNAEPOBCKOro CrnekKrpa peHaAbHOro KpoBOTOKa
Yy nauueHToB C AMC(I)YHKUMGFI TPpaHCNAaHTaTa B OTAAA€HHble CPOKU MOCAE onepaluun

B. B. AAkumeHnko

OpHow 13 rnaBHbIX NPUYKH, KOTOpad BbI3blBaET rnbenb beHKLl,VIOHI/IpleIJ.leVI TKaHM NOYKN Y pelunneHTa nocrne TpaHcnnaHTaumu,
ABNAETCA OCTPOE OTTOPXKEHUE.

Llenb paboTbl — M3y4nTb yribTpasBykoBble XapakTepuCTUKV M Aonnneporpadnyeckue nokasarenu KpoBoToka no cocyaam TpaHc-
nnaHTUPoBaHHo Noukw (TI1) y NauneHToB ¢ COXpaHEHHOMN 1 HAPYLUEHHO AenypaLyoHHON (PYHKLMEN 1 AUCHYHKUME NOYEYHOTO
TpaHcnnaHTarta B oT4aneHHble cpoku nocne Tr1.
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Marepuansi u metogbl. 3a nepuog 2014-2015 rr. BEINONHEHO YnbTpa3BykoBoe nccnegosaHue (Y3M) noveyHbIX TpaHCnnaHTaToB
Yy 26 NauMeHTOB C YPOBHAMU KpeaTuHMHA B Npefenax HopMaTuBHbIX 3HadeHui (rpynna 1). Bropoe uccnenoBaHme 0CHOBaHO Ha
pesynbratax Y3M noyeyHbIx TpaHCNNaHTaToB Y 26 NaLMEHTOB C YPOBHAMM KpeaTiHWHA, NPEeBbILLAIOLLIIMA HOPMATUBHbIE 3HAYEHUS
(rpynna 2) 3a nepviog 2015-2016 rr.

Pesynktatbl. CpegHuii BO3pacT peLmnueHToB nepeoii rpynnbl coctasun 31,40 + 1,67 roga. Myx4uH cpeam peumnmeHToB Obino
15 yenosek (57,7 %), xeHwwmH — 11 (42,3 %). MNposeaeHa poacteeHHas Tl (PTM) y 61,54 % naunenTos, y 38,46 % — TpynHas TT1
(TTR). Y Bcex NaLMEHTOB yPOBEHb KpeaTHHWHA Na3Mbl COOTBETCTBOBAS HOPMATUBHbIM 3HA4EHUSIM UK NPeBbILLan 1x He 6onee
yeMm Ha 25 %, konebnsicb B cpegHem ot 94 go 130 mkmonb/n v coctasnss B cpeaHem 114,50 + 3,85 mkmons/mn.

CpenHuin BO3pacT peLunieHToB BTOpON rpynnbl coctasmun 38,99 + 2,32 (34,35-43,62) roga. MyxunH cpeam peLunineHToB 6bino
14 yenoBek (53,84 %), xeHwwmH — 12 (46,16 %). MposeneHa PTM y 6 nauneHTos, y 20 — TTI. Y BCex NaUMEHTOB YPOBEHb Kpe-
aTWHWHA NNa3mbl ObiN Bbille HOPMarnbHbIX 3Ha4YeHUN, Konebnsck B cpeaHeM oT 155 fo 629 MKMorb/N, COCTaBNNAA B CpeaHEM
259,46 + 35,33 mkmonb/n. [pynnbl 6b1nM cONOCTaBYMbI NO OCHOBHBIM KITMHUKO-AeMOrpachuyeckum napameTpam.

BbiBoabI. [JaHHbIe 4OCTOBEPHO CBMAETENLCTBYHOT, YTo Npu TAMX nHTEpnobapHbIX apTepuii MeHee Yem 15 cm/c BEpOATHOCTb
BbISIBNIEHUS KITMHUYECKUX NMPU3HAKOB (DOPMUPOBAHUS HapyLLEHNs (PyHKLIMOHAMBHOTO CTaTyca PEHarbHOro annoreHHOro
TpaHcnnaHTaTa, HE3aBMCKMO OT OLIEHKM CerMmeHTa noykm, coctaenset bonee 90 % y peumnmMeHToB B OTAANIEHHOM Nepuoge

nocrne xmpypruyeckoro sMeLlaTenbCcTea no noBoAy nepecanku opraHa.

Relevance

In comparison with transplantation of other organs, such
line as kidney transplantation (KT) has a history stretching
back more than half a century. For this period, tremendous
experience concerning surgical techniques modernization,
organ preservation, improvement and optimization of immu-
nosuppression protocols and postoperative management
of patients has been accumulated and current survival
rates of recipients and renal grafts have been achieved.
On the contrary, the advances in KT have led to the fact
that a waiting lists for the operation are steadily increasing
around the world [1].

In addition to low indicators of quality of life, dialysis
patients have much shorter life expectancies. Thus, patients
receiving hemodialysis at the age of 40-59 years, live on
average 11 years less compared to those who underwent
KT. For patients whose age group is 20-39 years, this
difference already reaches 17 years [2].

KT today is the method of choice in the treatment of
patients with end-stage chronic renal failure, which can
significantly improve the quality of life, contributes to a more
complete social rehabilitation in this category of patients.
One of the main causes of graft loss in a recipient after
kidney transplantation is acute rejection. The number and
severity of acute rejection cases directly correlate with loss
of active nephrons and the duration of graft survival [3].

It is known that the half-life of cadaveric grafts, accor-
ding to different authors, varies between 8-10 and 10-14
years, depending on the degree of compatibility and quality
of organs. For kidneys obtained from living related donors,
this figure is 17 years with compatibility beyond the hap-
lotype and exceeds 30 years in main histocompatibility
complex antigen-identical donor and recipient [4].

Rejection is defined as general inflammatory process
of the graft, caused by a specific immune response of
the recipient to the donor’s transplant antigens [5]. Almost
all mechanisms of cellular and humoral responses are
involved in the interaction between the recipient’'s immune
system and the antigens of the donor kidney transplant. The
interaction between the antigen-specific T-cell receptor and
allogeneic HLA antigens is the central event of this reaction.
The main manifestation of the immunological conflict is
the loss of excretory function of the donor organ or the lack
of regeneration [6].

Diagnosis of acute rejection is based on clinical and
instrumental studies, laboratory and immunological para-
meters. At the same time, punch biopsy remains the “gold
standard” for assessing the pathological states in transplant
nephrology. Although itis known that punch biopsy can lead
to a number of complications such as hematoma, renal
infarction, urinoma, etc. [7].

Ultrasound examination is often the primary diagnos-
tic method, which is characterized by non-invasiveness,
relative cheapness, imaging at patient’s bed-side, there is
no need for intravenous contrast, and it allows rapid and
accurate detecting a number of common complications [8].

The purpose of the work

To study the Doppler ultrasound measurements of renal
transplant blood flow in patients with efficient depuration
function and renal graft dysfunction in the late postoperative
period following KT.

Materials and methods

An ultrasound examination of renal transplants was per-
formed in 26 patients with creatinine levels within the nor-
mative values (group 1) during the period 2014-2015.
This group of recipients included 15 male (57.7 %) and 11
(42.3 %) female, mean age was 31.40 + 1.67 years. Aliving
related kidney transplantation (LRKT) was performed in
61.54% of patients, in 38.46 % — a cadaveric kidney trans-
plantation (CKT). In all the patients, plasma creatinine level
was within normative values or not exceeding them more
than 25 %, on average, ranging from 94 to 130 ymol/L and
its mean value was 114.50 + 3.85 pmol/L.

The second study was based on the ultrasound exam-
ination results of the renal transplants in 26 patients with
creatinine levels exceeding the standard values (group 2)
during the period 2015-2016. The second group of recip-
ients consisted of 14 (53,84 %) male and 12 (46.16 %)
female, the mean age was 38.99 + 2.32 years. LRKT was
performed in 6 patients, and CKT in 20 patients. In all
the patients plasma creatinine level was above the normal
range, on average, ranging from 155 to 629 pymol/L and its
mean value was 259.46 + 35.33 umol/L. The patients of
both groups had comparable main clinical and demographic
parameters.
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The ultrasound examination was performed with a Toshiba
(Xario) device using a convex multi-frequency transducer at
3-5 MHz and included the state assessment and topometry
of kidney transplant, the state of perirenal space assessment,
color Doppler and spectral Doppler. To assess the kidney
transplant state, we determined the kidney contour, homoge-
neity and echogenicity of the parenchyma, the clarity of corti-
cal-medullary differentiation, the renal pelvis system and ureter
state. Length and front-rear sizes of kidney transplant were
dimensioned by topometry. The parenchyma and cortical layer
thickness was calculated as the average value of the three
measurements in the middle segment of kidney transplant.

The renal arteries blood flow was measured at the renal ar-
tery trunk and the interlobar branches of the renal artery (IBRA)
levels by the spectral Doppler ultrasound evaluating the linear
velocity indices. In addition, “almost angle-independent”
indicators of peripheral vascular resistance (resistivity) were
used. The renal vessels vascular resistivity was calculated by
processing the Doppler waveforms using standard formulas.

The Doppler spectral waveform shape was evaluated
and the following parameters were determined: peak
systolic velocity (PSV), end-diastolic velocity (EDV), re-
sistance index (RI) and pulsatility index (PI) of the blood
flow, systolic-diastolic ratio (SDR), acceleration time (AT),
time-averaged maximum velocity (TAMX) both in the renal
and interlobar arteries. The angle of insonation was in
the range from 30° to 60°. The average indicators of blood
flow were analyzed throughout 3-6 cardiac cycles by
Dopple spectrum. In addition, the linear blood flow velocity
(LFV) in the renal vein was also evaluated.

Serum creatinine concentration was measured using
the Jaffe color reaction (Popper method). All biochemical
studies were performed at the Central Clinical and Express
Biochemical Laboratories of the Zaporizhzhia Regional
Clinical Hospital.

The data were fist examined for normality using
the Kolmogorov-Smirnov test. Parametric and non-para-
metric methods of data analysis were used. The results
were presented as mean and standard error of repre-
sentativeness of the sample standard value. The study
results were processed using the statistical package of
the licensed program Statistica® for Windows 6.0 (StatSoft
Inc., NAXXR712D833214FAN5), SPSS 17.0 and Microsoft
Excel 2010. Separate statistical procedures and algorithms
were implemented as specially written macros in the corre-
sponding programs. Statistical significance was defined as
P < 0.05 for all types of differences.

Original research

Results

For the kidney transplant evaluation in patients with normal
plasma creatinine levels (group 1), the following results were
obtained by B-mode imaging and topometry: parenchyma
thickness was 17.23 + 0.35 mm, cortical substance —
7.15+0.20 mm, cortical-medullary differentiation were defined
as clear in the vast majority — 92.31 %, fuzzy — in 7.69 % of
the examined patients, the echogenicity of kidney transplant
parenchyma was isoechoic in all the patients (100 %). LFV
in the renal vein averaged about 34.06 + 3.18 (27.69-40.43)
cm/s. For the renal transplants evaluation in patients with
plasma creatinine levels exceeding standard values (with
impaired depuration function, group 2), the following results
were obtained by B-mode imaging and topometry: parenchy-
ma thickness was 17.35 £ 0.45 (16.45-18, 25) mm, cortical
substance—7.8 £0.28 (7.25-8.35) mm. The cortical-medullary
differentiation was defined as clear in the majority of the exam-
ined patients —in 73.01 %; the echogenicity of parenchyma was
increased in 23.1% of patients. LFV in the renal vein averaged
about 23.98 + 2.22 (19.54-28.43) cm/s.

The results of spectral Doppler indicators of renal graft
hemodynamics (renal artery trunk) in patients without signs
and with signs of renal graft dysfunction in the long-term
period following KT are presented in Table 1.

As can be clearly seen from the presented data,
the parameters of renal artery resistance and marked
velocity gradient in patients with relatively normal serum
creatinine levels (group 1) in the long-term period following
KT, despite the differences from the reference values, did
not reach statistical significance, which was not the case
for acceleration time dynamics and TAMX, as statistically
significant differences were noted in the CKT recipients:
23.08 % (P < 0.05) and 13.5 % (P < 0.05), respectively.

According to the obtained results, in patients with efficient
kidney transplant function after LRKT (group 1), the PSV in
the renal artery was 32.89 % higher than in those with renal
dysfunction (group 2) after LRKT. After CKT, the differences
between groups of patients with and without renal dysfunction
(group 1 and 2) were 2.08 %, not being clinically significant.
However, the greatest differences were revealed in such
indicators as EDV in the renal artery and TAMX. EDV in
the renal artery was 76.77 % higher in patients with efficient
renal function (group 1) after LRKT than in those with impaired
kidney transplant function (group 2). The same indicator was
44.83 % higher in patients with efficient kidney transplant
function (group 1) compared to those with kidney transplant
dysfunction (group 2) after CKT. Regarding such an indicator

Table 1. The Doppler spectrum parameters of the renal transplant blood flow in patients with efficient and impaired depuration function

(renal artery trunk) in the long-term period following KT

Efficient function of depuration (group 1) Impaired function of depuration (group 2)

Living related kidney | Cadaveric kidney Living related kidney | Cadaveric kidney
transplants (n = 10), transplants (n = 10), transplants (n = 16),
Mtm Mim Mim

79.5+5.04 71.30 + 6.65* 77.88 +5.43*

Indicators, units

transplants (n = 16),
Mim

94.75 + 8.06

Peak systolic velocity (PSV), renal artery trunk, cm/s

End-diastolic velocity (EDV), renal artery trunk, cm/s 35.00 £2.94 31.95+£1.97 19.80 + 1.58* 22.06£1.77*
Systolic/diastolic ratio (SDR), relative units 276017 251+0.10 3.69 +0.34* 3.60 £0.12*
Pulsatility index (PI), renal artery trunk, relative units 1.08 £0.07 1.0£0.05 144 +0.12* 1.44 +£0.04*
Resistance index (RI), renal artery trunk, relative units 0.62 +0.02 0.6 +0.02 0.71+0.02* 0.72+0.01*
Acceleration time (AT), sec 0.13+0.01 0.16 £0.01 0.14+0.01* 0.12+0.01*
TAMX, cm / sec 54.87 +4.63 47.46 + 2.76 35.48 +2.38* 39.02+2.77*

*: the statistical significance of differences in comparison to the group with efficient depuration function is less than 0.05.
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Table 2. The Doppler spectrum parameters of the renal transplant blood flow in patients with efficient and impaired depuration function (interlobar

arteries) in the long-term period following KT

Indicators, units Efficient function of depuration (group 1) Impaired function of depuration (group 2)

Upper segment

Living related kidney | Cadaveric kidney Living related kidney | Cadaveric kidney
transplants transplants transplants (n =10), | transplants
(n=16), Mtm (n=10), Mtm Mim (n=16), Mtm

Peak systolic velocity (PSV), interlobar branches of the renal arteries cm/s 3213+2.23 30.1+£1.04 241 +£1.52% 20.94 + 1.32*
End-diastolic velocity (EDV), interlobar branches of the renal arteries, cm/s 13.38 £1.03 129+ 0.64 8.7+0.78* 7.69+£0.41%
Systolic/diastolic ratio (SDR), relative units 244 +0.08 243+0.11 2.93+0.33" 2.73+0.11*
Pulsatility index (P!), interlobar branches of the renal arteries, relative units 0.94 +0.03 0.92+0.04 1.19+0.11* 1.09 + 0.04*
Resistance index (RI), interlobar branches of the renal arteries, relative units 0.58 £ 0.01 0.58 +0.02 0.63+0.03 0.62 +0.01
Acceleration time (AT), s 0.14£0.01 0.1310.01 0.15+0.01 0.14£0.01
TAMX, cm/s 19.99 +1.38 19.05 £ 0.63 13.18 £ 0.88* 11.99 £ 0.67*
Middle segment
Peak systolic velocity (PSV), interlobar branches of the renal arteries cm/s 33.0:28 309+1.82 25.7+1.78 24.81+1.78*
End-diastolic velocity (EDV), interlobar branches of the renal arteries, cm/s 12.38 £ 0.96 13.0+£0.82 8.3+0.79* 8.01+0.7*
Systolic/diastolic ratio (SDR), relative units 27+01 2411012 342+04* 3.21+0.16*
Pulsatility index (P!), interlobar branches of the renal arteries, relative units 1.02+0.04 0.93 £ 0.04* 129+0.12* 1.26 + 0.06*
Resistance index (RI), interlobar branches of the renal arteries, relative units 0.62+0.01 0.58 £ 0.02* 0.68 +0.03 0.68 £ 0.02
Acceleration time (AT), s 0.13+0.01 0.14 £0.01 0.14£0.01 0.13+0.01
TAMX, cm/s 19.63 + 1.47 19.4+1.15 14.05 + 1.06* 13.41 £ 1.02*
Lower segment

Peak systolic velocity (PSV), interlobar branches of the renal arteries cm/s 32.06+1.73 313+1.24 204 +1.23* 21.25+1.55
End-diastolic velocity (EDV), interlobar branches of the renal arteries, cm/s 13.31£0.78 12.9 £ 0.46 7.6+0.6* 6.78 + 0.46*
Systolic/diastolic ratio (SDR), relative units 2.43+0.09 2421012 28+0.2 3.26+0.27*
Pulsatility index (P!), interlobar branches of the renal arteries, relative units 0.94 +0.04 0.9310.05 1.14 £0.08* 1.26 £ 0.07*
Resistance index (RI), interlobar branches of the renal arteries, relative units 0.58+£0.01 0.58 £ 0.02 0.63 +0.02 0.67 £ 0.02*
Acceleration time (AT), s 0.13+0.01 0.16 £0.01 0.14 £0.01 0.14 £0.01
TAMX, cm/s 19.89 + 0.95 19.38 £ 0.65 11.48 £0.79* 10.78 £ 0.97*

*: the statistical significance of differences in comparison to the group with efficient depuration function is less than 0.05.

of renal hemodynamics as TAMX, the difference was 54.65 %
between patients with efficient renal function (group 1) and
patients with kidney transplant dysfunction (group 2) after
LRKT. The difference related to TAMX was determined at
the level of 21.63 % between the patients of CKT group with
efficient and impaired renal function (group 1 and 2), which
has significant clinical and prognostic significance.

An assessment of spectral Doppler parameters of renal
transplant hemodynamics (interlobar arteries) in patients
without signs and with signs of renal transplant dysfunction
in the long-term period following KT are presented in Table 2.

In the upper segment, the EDV in the interlobar branches
of the renal arteries in the LRKT group with efficient renal
function (group 1) exceeded that in the LRKT group with
impaired renal function by 53.79 %, and related to the group
of patients after CKT the difference was 67.75 %, also in
favor of patients with efficient depurative function. TAMX of
interlobar branches of the renal arteries of the upper segment
in the LRKT group with efficient function (group 1) exceeded
the same indicator in the group with impaired function (group
2) by 51.67 % and in the group after CKT — by 58.88 %.

The difference in EDV values in the interlobar branches
of the renal arteries of the middle segment was verified at
the level of 49.16 % after LRKT and 62.30 % after CKT, with
higher indicators in patients of the group with the efficient
depuration function (group 1). The TAMX index of interlobar
branches of the renal arteries of the middle segment differed
between groups with efficient and impaired renal function
(group 1 and 2) after LRKT by 39.72 % in favor of the group
1, and after CKT — by 44.67 % also in favor of the group 1
without kidney transplant dysfunction.

EDV in the interlobar branches of the renal arteries
in the lower segment with renal dysfunction (group 2)
after LRKT was 75.13 % less compared to the group with
normal renal function (group 1), and in the case of CKT
the difference was 90.27 % also in favor of kidney trans-
plant with efficient function (group 1). SDR was higher in
the groups with impaired depurative function (group 2): by
13.21 % after LRKT and by 25.77 % after CKT. The TAMX
in the LRKT group with normal renal function (group 1) was
73.26 % higher compared to the group with renal dysfunc-
tion (group 2), and after CKT was 79.78 % higher also in
favor of the group with normal depuration function of kidney
transplant (group 1). Thatis, in the lower segment interlobar
branches of the renal arteries, differences in indicators for
groups with different renal function were more significant.

Discussion

Summing up the data obtained, it can be concluded that
TAMXis not only an important parameter and a key marker
of dysfunction at the initial stage of renal failure deve-
lopment, but it also adequately reflects the transplanted
kidney functional status in recipients without transplant
dysfunction.

Clinical manifestations of rejection are less pronounced
and, as a rule, become evident only due to an increase in
serum creatinine level or even occur subclinically. In recent
years, studies have shown that rejection is the main cause of
transplanted kidney failure in the long-term period following
KT, and late rejection occurs with the humoral immunity
activation in most cases.
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Activation of the humoral immunity in the late rejection
episodes development more determines its resistance to
therapy and poor prognosis regardless of the morphological
variant of the latter. Traditionally, acute and chronic humoral
rejection are distinguished; however, in essence, these
variants of rejection are stages of the same process, that
begins with anti-donor antibodies production which form
complexes with antigens on the surface of endothelium,
that leads to the classical pathway of complement system
activation resulting in inflammation development (acute
rejection) and further vascular repair in the smallest blood
vessels (chronic rejection) [9].

Despite the development of new, more powerful
immunosuppressive agents, it has not yet been possible
to completely overcome the problem of renal transplant
rejection. At the same time, late rejection episodes, which
despite the treatment are the most serious for prognosis,
are manifested in further progression of kidney transplant
dysfunction in most cases.

For a long time, the nature of such differences in
the rejection course depending on the time of occurrence
remained unclear, and only in recent years, it was possible
to prove that humoral immunity activation plays an important
role in the development of late rejection episodes. Accor-
ding to the data from the DeKAF study, more than 50 %
of patients with late dysfunction showed signs of acute or
chronic kidney transplant rejection, and 57 % of these pa-
tients showed signs of the humoral immunity activation [10].

Today, clinical diagnosis of graft rejection is based on
histological examination of kidney transplant biopsies. Since
a biopsy is usually performed only in increased creatinine
levels, the beginning of rejection treatment is delayed for
several days or even weeks. Such a delay contributes to
tissue damage reducing graft survival. In addition, a biopsy
is an invasive procedure, which cannot be performed as
often as necessary for careful monitoring, so it is not an
ideal method for the diagnosis of rejection.

It is important to note that the Doppler evaluation of
transplant vessels to detect complications of kidney trans-
plantation and the specifity of kidney transplant pathology
has turned out to be a promising method of examination.
Color mapping and pulsed dopplerography are considered
as the most accurate in demonstrating a kidney transplant
state and are the gold standard for monitoring the kidney
transplant state and hemodynamic changes both in the early
and long-term postoperative periods.

Conclusions

1. We conducted a comparative analysis of complex
ultrasound indicators (grayscale with color and spectral
Doppler ultrasonography) of blood flow that did not reveal
significant differences between the patients with efficient
depuration function after LRKT and CKT in the late post-
operative period.

2. In patients after LRKT and CKT with impaired
depurative function, lower TAMX values were recorded in
comparison to patients without renal dysfunction, which can
be a reliable diagnostic criterion and an important prognostic
predictor for renal transplant dysfunction development.

3. The obtained data reliably indicate that if TAMX of
interlobar arteries less than 15 cm/s, the probability to re-
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veal the clinical signs of renal allograft dysfunction is more
than 90 %, regardless of the renal segment evaluation in
recipients in the long-term period after KT.

Prospects for further research. This study would pro-
vide a perspective basis for proposed Doppler sonographic
parameters using as possible criteria for impaired graft
perfusion. These data will allow for a comparative analysis
of Doppler indices in recipients with graft dysfunction, to
define ultrasound criteria for kidney transplant dysfunction,
and thereby to improve diagnosis and prolong graft survival.
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