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Abstract. “The use of Dopplerimaging in children allows for not only the visualization of renal vessels up to the
cortical layer of the parenchyma but also the quantitative assessment of renal blood flow dynamics.” The aim of
this study was to evaluate the diagnostic significance of dynamic Doppler imaging in assessing intrarenal blood
flow and parenchymal status in children with obstructive and reflux megaureter.

Materials and methods. The study included 123 patients, aged 3 months to 17 years, diagnosed with various
forms of obstructive uropathy, including vesicoureteral reflux, hydronephrosis, megaureter, and urolithiasis. The
participants were categorized into three groups. The control group included 56 healthy children of the same age
who had no diagnosed pathology of the urinary system. All participants underwent a thorough clinical evalua-
tion, which included ultrasound assessment of the kidneys, renal vasculature, and bladder, along with excretory
urography and voiding cystourethrography. Ultrasound examinations were performed using Aloka SSD-3500 SV
devices equipped with convex (6.0-8.0 MHz) and linear (9.0-14.0 MHz) probes.

Results. “The Doppler assessments revealed no deviations in hemodynamic parameters among patients in
the first group. In the second group, a significant elevation in the resistance index of the interlobar and segmen-
tal arteries was observed, which normalized following treatment, indicating a functionally adaptive response. In
contrast, patients in the third group exhibited persistent Doppler abnormalities post-treatment, with the severity
of changes suggesting the presence of structural morphological alterations.”

AHHOTAUMSA. VICMTOAB3OBOHME AOMAEPOTPAMDUN Y AETEM MO3BOAJET HE TOABKO BM3YOAM3IMPOBATH MOYEYHBIE
COCYAbl AO KOPKOBOTO CAOS MAPEHXUMbI, HO M KOAMYECTBEHHO OLLEHMBATL MOYEYHBIM KPOBOTOK B AMHOMMKE.

LeAb nccaeposanma. OLEHKA MHADOPMATUBHOCTU AMHOMMHECKOM AOMAEPOTPAUM UTPAET BAXKHYIO POAb
B AMArHOCTMKE HAPYLUEHMM BHYTPUMOYEYHOrO KPOBOTOKA M COCTOAHMUA MAPEHXMMbI Y AETEM C OOCTPYKTMBHBIM U
PECAIOKCUPYIOLLIUM METAYPETEPOM. DTOT METOA MCCAEAOBAHMS MO3BOASET BbIBASITL M3MEHEHMS KPOBOTOKQ,
OUKCHUPOBATL MATOAOTMHECKME MPOLLECChIHA PAHHWX CTAAMAX M OLLEHMBATL CTEMEHB TIKECTH 3A00AEBAHMI. KpOME
TOrO, C MOMOLLLBIO AMHOMMHYECKOM AOMAEPOTPAGOUM MOXKHO AHAAMIMPOBATH CTPRYKTYPHbIE M ADYHKLLMOHAAbHbIE
M3MEHEHMS B TKAHM MOYKM, OTCAEXMBATL MX MPOrPECCUPOBAHME M PA3PAOATHIBATE ONMTUMAAbHBIE CTPATEMMM
A€YEHMA. TAKMM OBPA3OM, AQHHBIM METOA CMOCOBCTBYET MOBBILLEHMIO IAPIEKTUBHOCTU AMATHOCTUHECKOTO
MPOLLEeCCa M POPMUPOBAHMIO TEPAMNEBTMHECKOTO MOAXOAQ, COOTBETCTBYIOLLLETO MHAMBMAYOABHOMY TEYEHMIO
3060AEBAHMUS.

MaTepuanbl U METOADI. B MCCAeAOBAHME ObIAM BKAKOYEHDI 123 NALMEHTA B BO3PACTE OT 3 MECALLEB AO 17 AET,
CTPAAQIOLLLMX PA3AMYHBIMKM DOPMAMU OBCTPYKTUBHOM M PECDAIOKC YPOMATUM, BKAIOYAS BE3MKOYPETEPAAbHbIM
PEMAIOKC, TMAPOHEMP O3, METAYPETEP M MOYEKAMEHHYIO BOAE3Hb. B 30BUCUMOCTN OT KAMHUKO-AMATHOCTMYE CKMX
KpUTEPUEB NALMEHTLI ObIAM PACNPEAEAEHbI HO TPW rPYNMbl. KOHTPOABHYIO rpynny COCTABMAM 56 COMATUYECKM
3A0POBLIX AETEM QAHAAOMMYHOTO BO3PACTHOrO AMANA3OHA ©e3 MPM3HOKOB MATOAOTMM MOYEBBIAEAMTEABHOM
CUCTEMbI. Bcem  y4OCTHMKAM  MUCCAEAOBOHWMS MPOBOAMAM BCECTOPOHHEE  KAMHMKO-AMArHOCTMYECKOE
OBOCAEAOBOHME, BKAIOYOBLLEE YABTPA3BYKOBYIO OLLEHKY MOYEK, MX COCYAMCTOTO PYCAQ M MOYEBOTO My3bipd,
OKCKPETOPHYIO  YPOIrpPAOUMIO U MUKLMOHHYIO  LLUCTOYPETEPOrpadoMio.  YAbTPA3BYKOBbIE  MCCAEAOBOHMUS
BBIMOAHSAMCbH HA BbICOKOYYBCTBUTEABHOM dnnapate Aloka SSD-3500 SV, OCHALLEHHOM KOHBEKCHbIMM (6,0-8,0
Mru) 1 AvHeMHbIMIK (9,0-14,0 MITLL) AQTYMKAMM, OBECTIEYUBAOLLIMMM AETAABHYIO BU3YAAM3ALMIO MCCAEAYEMbIX
CTPYKTYP.

Pe3syAbTaTtbl. 10 pPE3YALTATAM AOMAEPOrPACPUYECKOTO MCCAEAOBAHMS: Yy MALMEHTOB MEPBOM TPYMMbI
AOMAEPOMETPUYECKME MOKA3ZATEAM HOAXOAMAUCH B MPEAEAAX PUIMOAOTMHECKOWM HOPMBbI, OTKAOHEHMM He
BbISBAEHO. Y MALMEHTOB BTOPOM MPYMMbl 30dOMKCUPOBAHO 3HAYUTEABHOE MOBbLILLIEHWE MHAEKCA PE3MCTEHTHOCTH B
MEXAOAEBbIX 1 CETMEHTAPHbIX APTEPUAX, C MOCASAYIOLLLEN €I0 HOPMAAMIALMEM MOCAE NMPOBEAEHHOTO A€YEHMS,
4TO CBMAETEALCTBYET O APYHKLLMOHAABHO-OAQMTMBHOM XOPOKTEPE MIMEHEHMMN. Y MOALMEHTOB TPETHEM TPYMMbI
OTCYTCTBME MOAOXUTEABHOM AMHAMMKM, MO AQHHBIM AOMAEPOTPADUM MOCAE AEYEHUS, HOPFAY C BbIDCXKEHHOM
CTENEHbIO COCYAMCTBIX MI3MEHEHMM, YKA3BIBAAO HO HOAMYME MOPTDOAOTMYECKMX HOPYLLEHMM.
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Relevance. “The diagnosis and management of obstructive and reflux megaureter in children
remain critical and extensively debated topics in pediatric urology.” [2, 4, 15]. Despite ongoing re-
search, the issue of prognostic assessment for obstructive and reflux megaureter remains unresolved.
Even after successful surgical freatment and the absence of infectious processes, follow-up observa-
tions of children treated for obstructive and reflux megaureter reveal persistent structural abnormali-
ties in the kidneys in some patients. [10]

The progression of nephrosclerosis and chronic kidney disease leads to a decline in renal function
[5, 7, 12]. The efficacy of freatment for obstructive and reflux megaureter is largely determined by
the extent of nephrosclerosis and the compensatory adaptations in unaffected regions of the renal
parenchyma.

To optimize the treatment strategy for obstructive and reflux megaureter, a standardized diag-
nostic algorithm is employed. This encompasses ultfrasound diagnostics, excretory urography, renos-
cinfigraphy, as well as magnetic resonance imaging and computed tomography [8, 9, 11, 14]. Due
to its safety, non-invasiveness, absence of special patient preparation requirements, and suitability
for long-term dynamic monitoring—particularly with the incorporation of Doppler imaging-ultrasound
diagnostics remains the leading instrumental method for renal assessment [6, 9]. Dopplerography
enables an objective assessment of renal blood flow and the extent of kidney damage. In children,
this method allows not only visualization of renal vessels up to the cortical layer of the parenchyma
but also quantitative analysis of infrarenal blood flow dynamics [8, 9, 13]. However, the necessity and
informativeness of prolonged dynamic monitoring of renal circulation before and after freatment for
obstructive uropathy in children remain insufficiently studied.

This study aims fo evaluate the diagnostic utility of dynamic Doppler imaging in assessing intrare-
nal blood flow and parenchymal status in children with obstructive and reflux megaureter.

Materials and methods. The research cohort comprised 123 patients, aged 3 months to 17 years,
diagnosed with various forms of obstructive uropathy and reflux megaureter: 41 children with hydro-
nephrosis, 42 with vesicoureteral reflux, and 40 with urolithiasis (Table 1). It was found that obstructive
uropathy and reflux megaureter were more frequently diagnosed in boys (80 patients; 64.8%).

During the follow-up period, a total of 64 children were assessed 6 to 12 months or longer following
freatment. The conftrol group consisted of 56 healthy children of the same age, with no diagnosed
urinary system pathology. All participants underwent a comprehensive clinical evaluation, which
included ultrasound imaging of the kidneys, renal vasculature, and bladder, as well as excretory
urography and voiding cystourethrography. Ultirasound examinations were conducted using Aloka
SSD-3500 SV devices equipped with convex (6.0-8.0 MHz) and linear (9.0-14.0 MHz) transducers to en-
sure high-resolution imaging and diagnostic accuracy. Echographic data were analyzed for kidney
position, mobility, size, contour, and structure. Bladder examination included an assessment of its size,
shape, wall condition, luminal echogenicity, and the width of the lower third of the ureter. [1, 3, 10, 14]

After evaluating kidney status, Dopplerographic studies were conducted to assess the main and
infrarenal blood flow (Figure 1). For qualitative analysis, color Doppler mapping was used to visualize
renal vessels (segmental, interlobar, and arcuate arteries), assess renal perfusion, and identify areas
with reduced blood flow. The next phase involved pulse-wave Doppler imaging to evaluate blood
flow parameters at the intferlobar and segmental artery levels. [?, 12, 15]

Quantitative assessment of renal blood flow was conducted using the following parameters: peak
systolic velocity, end-diastolic velocity, mean linear blood flow velocity, resistance index, accelera-
tion, and acceleration time in each renal segment. A follow-up ultrasound was performed post-mic-
turition to reassess renal and bladder parameters. A comparative analysis before and was performed
after treatment to validate the obtained finding.

All patients diagnosed with obstructive uropathy and reflux megaureter were categorized into
three groups based on disease severity and freatment strategy. The first group (approximately 24%
of patients, n = 26) included individuals with urinary dynamics impairments that did not require sur-
gical infervention, with a disease duration of up to three years. The second group (about 50%, n =
54) comprised patients with varying degrees of obstruction who were monitored longitudinally be-
fore and after freatment, which included conservative, surgical, or combined approaches, with a
disease duration ranging from three to four years. The third group (roughly 40%, n = 43) consisted
of children with chronic kidney failure who had undergone surgical intervention, exhibiting signs of
nephrosclerosis and a disease duration exceeding five years. Based on the established diagnosis,
99 patients underwent reconstructive plastic surgery tailored to the type of obstruction, followed by
ultrasound, Additionally, Doppler monitoring was conducted during the postoperative period, includ-
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Figure 1. Sonogram of a patient with grade Il megaureter

ing short-term assessment on days 5-7, mid-term evaluation at 6-12 months, and long-term follow-up.
Surgical interventions for vesicoureteral reflux and megaureter were performed using the Cohen and
Politano-Ledbetter techniques, ensuring effective correction of urinary tfract abnormalities while hy-
dronephrotic kidney transformation was managed with the Heinz-Andersen-Kuss-Kuchera procedure.
In cases of non-functioning renal units, nephrectomy, nephroureterectomy, or heminephroureterec-
tomy was conducted [4, 10, 13]. Statistical analysis was performed using standard data processing
methods.

Quantitative indicators were presented as M = ¢, and differences between values were consid-
ered stafistically significant at p <0.05.

Screening ulfrasound diagnostic methods are widely used today, having become routine medi-
cal procedures that allow for the detection of numerous diseases at early stages. With the increased
use of ultrasound in prenatal diagnostics, there has been arise in the number of patients with prenao-
tally detected urinary system developmental defects at an early age. [3, 6]

In pediatric practice, ultrasound remains practically the only widely accessible and non-invasive
method for determining renal parenchymal thickness and assessing the parameters of the collecting
system. Upon admission, all patients underwent translumbar and fransabdominal ultrasound exami-
nations. During the ultrasound, the following parameters were evaluated: kidney length and width,
renal parenchymal thickness, ureter diameter in its upper, middle, and lower thirds, renal pelvis size,
degree of calyceal dilation, and bladder condition. [2, 3, 6]

In megaureter, the sonographic picture changes, showing alterations such as dilation of the ure-
ters and renal cavities, accompanied by an increase in kidney size and ureteral tortuosity. This process
is associated with increased hydrostatic pressure in the organ’s cavity system, which exerts pressure
on the renal parenchyma. As a result of this impact, the renal parenchyma may undergo atrophy.
[3,7.8]

Table 1. Ultrasound parameters in children with megaureter depending on the degree of damage before
surgery

Ultrasound Parameters MNorm (avg.) Obstructive Megaureter Refluxing Megaureter
Il degree [l degree

Kidney Length 71.5%2.3 §5.5%0.3 == 113.2£3 **

Kidney Width 35.1%1.5 50.30.7 == 68.3+1.9 **=

Parenchyma Thickness 17115 12.220.7 71203 ***

Ureter Diameter 3.020.3 11.3£0.4 == 17.3£0.7 **=

Note: * — Statistical significance level between groups (* — P<0.05; **~ P<0.01; *** - P<0.001).
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Table 2. Stage-by-Stage Ultrasound Monitoring of the Condition of Urinary System Organs

N2 Ultrasound Monitoring Description

1 During the initial visit or disease diagnosis

2 Before surgery — monitoring of baseline (preoperative) parameters

3 After the removal of drainage elements following reconstructive plastic surgeries
4 3-6 months after surgery to assess patency after reconstructive plastic surgeries

The ureter in patients with megaureter is usually dilated regardless of bladder filling. If confractions
are observed during examination, it indicates the preservation of its evacuatory function. Depending
on the degree of obstruction and reflux, the following characteristics were identified in children.

Ultrasound data analysis in children with megaureter, regardless of its cause, revealed that before
surgery, the length and width of the affected kidney, as well as the ureter diameter in grade lll megao-
ureter, significantly exceeded the corresponding parameters in patients with grade Il megaureter
(Table 2). This difference was statistically significant (p < 0.001) and was observed regardless of the
patients’ age. Moreover, in grade lll megaureter, the thickness of the renal parenchyma of the af-
fected kidney was also significantly lower compared to grade Il megaureter. [4, 5, 7]

The universality, non-invasiveness, and sufficient informativeness of ultrasound allowed for step-by-
step monitoring of the condition of the urinary system organs in children with megaureter. Ulfrasound
examination of the parenchyma and the size of the upper urinary tract provided an opportunity for
active monitoring at all stages of disease treatment. All patients underwent an assessment of normal
ureteral contractility, including the examination of bladder volume, ureteral diameter in the distal
section, and the area of the calyceal-pelvic segment. Confractile ability was evaluated based on
the number of contfractions per minute, including full contractions (leading to complete closure of
the ureteral walls) and partial contractions (reducing the diameter by 1/2-1/3). These measurements
were conducted after prior oral hydration in all patients.

Normally, the frequency of spontaneous contractions can range from 2 to 7 per minute, increas-
ing to 4 or more per minute with diuretic stimulation [50]. Based on the results of the conducted
sonography, all patients were conditionally divided info two subgroups: the first with low ureteral
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Figure 2. Graph of indicators in patients with normal and reduced ureteral confractility (n=123)
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Figure 2. Dopplerographic Image of a Patient with Megaureter (MG)

contractility (0-3.5 per minute) and the second with normal contractility (4-7.6 per minute). No age
differences were identified between these groups. [12, 14, 15]

The study of ureterovesical urine ejections was conducted in 80 children with obstructive and re-
fluxing megaureter using pulsed-wave Doppler sonography.

In patients with the refluxing form of megaureter, signs of dynamic obstruction were recorded: a
reduction in frequency to 1-3 ejections per minute, as well as reverse urine flow into the distal ureter
from the bladder, a decrease in ejection fime, and a reduction in peak velocity (Table 3).

The above data indicate that Doppler examination of the evacuation function of the upper uri-
nary fract provides information that can be useful for assessing urodynamic disorders and developing
a freatment strategy for children with megaureter. The use of Doppler methods to evaluate ureteral
ejections enables monitoring the degree of ureteral obstruction. Statistical analysis determined the
method’s sensitivity at 86%, diagnostic accuracy at 66%, and specificity at 79%. [11, 15]

Conclusions: All patients included in the study underwent an evaluation of the effectiveness of this
method. In 102 patients with megaureter, the method confirmed the diagnosis in 82 cases, while 20
cases yielded false-negative results. In the comparison group, 12 cases resulted in false-positive find-

ings, while ultrasound conclusions were accurate in 9 patients (Table 4). [1, 2, 4]
Statistical analysis determined the method’s sensitivity at 80.4%, diagnostic accuracy at 74%, and
specificity at 42.8%.

Analysis of the data obtained from subgroup examinations revealed significant differences in the
severity of urinary dynamic disorders among children. Leukocyturia was recorded in a higher number
of patients with low ureteral contfractility (80%), and in 20% of this subgroup, it correlated with changes
in general blood analysis. The TPP area in children with low ureteral contractility ranged from 40% to
90% relative to normal values. In these children, the severity of ureteral dilation was markedly greater
compared to those with intact ureteral contractility.

Table 3. Dopplerographic Indicators of Patients with Megaureter (MG)

Type of Number of
Megaureter Patients (x) Dopplerometry Dopplerometry
Frequency Duration Speed Te (s) Vmax
1 (m/s)
Group 21 2.8+0.15 2,103 0.24+0 - -
Obstructive 28 0.5+0.1 3.72+0.2 0.26+0 - -
Refluxing 31 24+0.2 1.74£0.26  0.29x0 1.40+0.06 0.12£0.03

Note: * — Level of statistikal significance between groups.
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Table 4. Effectiveness of Sonography in Megaureter Diagnosis

Conclusion of Ultrasound on the Presence of Conclusion of Ultrasound on the Absence of
MG MG
MG Present IP &2 MG Present LP
12
MG Absent LO MG Absent 109
20
Total 102 Total 21

Note: IP — True Positive Result; LP — False Positive Result; LO — False Negative Result; IO — True Negative Result.

Conclusion. A thorough ultrasound assessment of the kidneys, especially when incorporating Dop-
pler ultrasonography, provides an objective evaluation of renal blood circulation in children and ad-
olescents with obstructive uropathy. This approach facilitates precise identification and contfinuous
monitoring of vascular alterations. The capability to tfrack renal blood flow throughout conservative
freatment and post-surgical recovery establishes ultrasound as a vital and indispensable diagnostic
tool in urology and surgery. This fechnique is essential for diagnosing conditions, assessing freatment
efficacy, and detecting complications at an early stage.
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