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The purpose of this study was to evaluate the efficacy of arteriovenous fistula using ultrasound technique in patients
undergoing haemodialysis, taking into account their anamnesis analysis and their psychological state assessment. The study involved
76 patients with chronic kidney disease aged 25 to 70 years. During the ultrasound assessment of arteriovenous fistula in patients, the
diameter, lumen, compressibility of the vein and its location relative to the skin were analyzed, as well as the feeding artery was
examined. Bloodflow assessment in vascular access was performed using colour Doppler mapping and pulse dopplerometry. In
patients without complications in vascular access, the average diameter of the feeding artery was 4.3+1.4 mm. The diameter of the
anastomosis ranged from 1.4 mm to 10 mm. The volumetric bloodflow rate in the vascular access was from 500 ml/min to 1600
ml/min which corresponds to the standard values for a functioning arteriovenous fistula. Anatomical and individual tissue
characteristics of each patient and concomitant diseases reduce the efficacy of fistula and increase the risk of complications.
Ultrasonography allows for the timely detection of anatomical and functional changes affecting the effectiveness of hemodialysis,
which makes this method a valuable tool for diagnostics and monitoring. Authors conclude that ultrasound Doppler study is the main
method for vascular access monitoring in the complex management of patients receiving renal replacement therapy. Evaluation of the
psychological state of patients on hemodialysis showed a decrease in interest in life, a feeling of dissatisfaction, despair, hopelessness
and fear for the future, which worsened during the outbreak of military actions in Ukraine.
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JOCIIIZKEHHSA CYAJUHHOI'O JOCTYITY ¥ HAIIEHTIB HA TEMOIIAJII3I
13 3ACTOCYBAHHSM YJIbTPACOHOTI PA®IT

Mertoro mocnikeHHs Oyo BU3HAYEHHS e(heKTHBHOCTI apTepioBEHO3HOI (ICTYIIH 32 JOIOMOTOIO YIETPa3BYKOBOTO METOILY
y TAIi€HTiB, SKi MepeOyBalOTh Ha TeMOIiati3i, BPaxOBYIOUM aHali3 aHAMHE3y Ta OIIHKY iXHBOTO IICHXOJIOTIYHOTO CTaHy. Y
JIOCII/PKEHHI B3sUIM y4acTh 76 MAli€HTIB i3 XPOHIYHOIO XBOPOOOIO HUPOK BikoM Bix 25 no 70 pokis. Ilpu ynerpa3ByKoBii omiHii
apTepioBEHO3HOI (iCTyNM y Mali€HTiB MPOBOAMBCS aHaNi3 AiaMeTpa, IPOCBITY, KOMIIPECHBHOCTI BEHU Ta Ii po3TallyBaHHS LIONO
HIKipH, a TaKOK JOCTIIKeHHS aprepii skuBieHHs. OuiHKa KPOBOTOKY B CYAMHHOMY JOCTYII 3IiHCHIOBajacs 3 BHKOPHUCTAHHSIM
KOJIbOPOBOTO JIOIIEPIBCHKOrO KapTyBaHHS Ta IMITYJIBCHOI JoIuiepoMeTpii. Y mauieHTiB 0e3 yCKIaJHEHb Y CyIMHHOMY IOCTYII
CepeHii AiamMmeTp KUBUIILHOT apTepil craHoBHB 4.3+1.4 MM. JliameTp anactomMo3y ckiaias Bijg 1.4 MM 10 10 mm. O0'eMHa MBHAKICTH
KPOBOTOKY B CYIMHHOMY IOCTYIN AopiBHIoBana Big 500 mu/xB mo 1600 mi/xB, o BiAMOBiZa€ HOPMATHBHUM ITOKAa3HHKaM IS
apTepioBeHO3HOT (icTyau MO (QYHKIIOHye. AHATOMiYHI Ta IHAWBIIyaJbHI OCOONMBOCTI TKAHMH KOXKHOTO MAIiEHTa, CYIyTHI
3aXBOPIOBAHHS 3HIDKYIOTh €(EKTHBHICTh (DIiCTYMHM Ta 30LIBIIYIOTH PU3UK YCKJIAJHEHb. YIBTPAcCOHOTPadis O3BOISE CBOEYACHO
BUSBIITH aHATOMIYHI Ta (PYHKIIOHAIBHI 3MiHHM, IO BIUIMBAIOTh Ha ¢(PEKTHBHICTH TeMOIiaji3y, IO POOHUThH LEH METON LiHHUM
IHCTPYMEHTOM [iarTHOCTHKU Ta MOHITOPUHTY. ABTOPY BHCJIOBIIIOIOTb, II0 YJABTPAa3BYKOBE JOILIEPIBCHKE JOCIIUKEHHS € OCHOBHUM
METOZIOM MOHITOPHHTY CyIMHHOTO JOCTYIy B KOMIUIEKCHOMY JIIKyBaHHI HAI[i€HTIB, SIKI OTPHMYIOTh 3aMiCHY HHPKOBY TEpailo.
OriHKa MCHXOJNOTIYHOTO CTaHy MAIi€HTIB, sKi MepeOyBalOTh HA TeMOAialisi, MoKa3aja 3HIDKCHHS 1HTEpecy OO JKUTTS, MOYYTTS
HE33/I0BOJICHOCTI, Biluaro, 0E3BUXiJb Ta CTPaxXy 3a MalOyTHE, 110 IIOCUIIMIIOCS B IIepio]] HOYaTKy BIHCHKOBHX il B YKpaiHi.

KurouoBi ciioBa: xponidHa XxBopoba HUPOK, reMoziali3, apTepioBeHO3Ha ¢icTyna, yasTpacoHorpadisi, €peKTHBHICTS,
SKICTB KUTTSL.

The study is a fragment of the research project “The latest treatment, diagnostic and preventive approaches for diseases of
the female reproductive system and high-risk pregnancy”, state registration No. 0122U201370.

Kidney diseases are among the most common diseases worldwide and the number of patients
suffering from chronic kidney disease increases annually. Chronic renal failure affects more than 10 % of
the world's population. This pathology is one of the leading causes of death worldwide in the 21% century
[7, 8]. According to WHO estimates, kidney diseases are the tenth leading cause of death. The mortality
rate from these diseases increased from 813 thousand cases in 2000 to 1.3 million in 2019 [7].
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Patients with chronic renal failure require constant, systematic monitoring and treatment in a
hospital setting. For most patients, artificial blood filtration is the only treatment option and a way to
prolong life. In Ukraine, as of 2023, there are 6.017 patients with chronic renal failure on haemodialysis
according to the National Registry of Patients with Chronic Kidney Disease and patients with acute kidney
injury treated with haemodialysis [13].

According to the recommendations of the National Kidney Foundation's Kidney Disease Outcomes
Quality Initiative (KDOQI) Clinical Practice Guideline for Vascular Access [10], haemodialysis requires the
creation of permanent access to the patient's vascular bed. The current option of choice is the use of a native
arteriovenous fistula (AVF), a synthetic prosthesis, and a central venous catheter. According to a number of
authors, AVF is currently the preferred method of vascular access for haemodialysis in long-term therapy. This
vascular access has a longer duration of operation and the least number of complications in patients [3, 14].
Effectively functioning vascular access is a key element in providing high-quality medical care to patients
undergoing haemodialysis [6].

The purpose of the study was to evaluate the efficacy of arteriovenous fistula using ultrasound
technique in patients undergoing haemodialysis, taking into account their anamnesis analysis and their
psychological state assessment.

Materials and methods. The study was conducted on the basis of the municipal non-profit
enterprise “Odesa Regional Centre of Nephrology and Dialysis” during 2021-2024. 76 patients with
chronic kidney disease undergoing haemodialysis with a “mature” fistula were under observation. The age
of the patients varied from 25 to 70 years and was equal to 46.4+6.2 years. 42 patients (55.3 %) were female
and 34 patients (44.7 %) were male among the examined patients. All the patients received haemodialysis
three times a week. All patients gave written informed consent before the beginning of clinical observation
which allowed to use results of their treatment for scientific purposes.

A vascular access and a variant of anastomosis from the side of the vein to the side of the artery
were formed on the forearm in all patients. Ultrasound evaluation of AVF functioning was performed
before the dialysis procedure.

Patients were examined in a sitting position facing the operator. At the same time, the patient's arm
was placed on the table in an extended position, without applying a tourniquet.

The research was performed using “Versana Essential” (USA) ultrasound device with a linear
sensor (frequency range 4.2—13.0 MHz). The anatomical configuration of the vascular access (VAS) was
visualized during ultrasound examination in the B-mode (fig 1 A). The diameter, lumen, compressibility
and location of the efferent vein relative to the skin were evaluated. The assessment of the bloodflow of
the vascular access was conducted using pulse Doppler and colour Doppler mapping (fig 1 B).

A
Fig. 1. Echogram parameters in AVF. A — B mode of detection; B — Colour Doppler mapping mode.

Volumetric bloodflow (VBF) in the adductor artery was determined 2 c¢cm proximal to the
anastomosis (fig 2 A, B). The bloodflow velocity (fig 2 C, D) together with diameter and depth of the vein
(fig 2 E, F) were also assessed.

The size and position of the control volume in the spectral Doppler was adjusted according to the
size of the vessel (occupying at least ¥ of the investigated vessel) and the Doppler angle was 60 °.

To detect the haemodialysis impact on patients’ physical and emotional state the quality of life of
these patients was estimated using the SF-36 questionnaire which contains 36 questions grouped into 8
domains characterising physical and psychoemotional health [4].

Statistical processing of the obtained data was carried out using the Statistica 10.0 software package
(StatSoft Inc., USA).
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F

Fig. 2. Quantitative parameters of ultrasound registration. A — Bloodflow velocity evaluation in AVF in patient V.; B —
Bloodflow velocity evaluation in AVF in patient P.; C — Echogram of the patient's K. outflow vein with bloodflow velocity
determination; D — Echogram of the patient's K. outflow vein with bloodflow velocity determination; E — Evaluation of the diameter
and depth of the vein in patient P.; F — Evaluation of the diameter and depth of the vein in patient F.

Results of the study and their discussion. According to anamnestic data, all patients who took
part in the study had one or more somatic diseases before the start of the hemodialysis program. 57 patients
(75.0 %) had frequent infectious diseases in childhood and adolescence. Among the endocrine disorders, 3
patients (3.95 %) had type 2 diabetes and the number of patients with I-II degree obesity was 14 (18.4 %)
and 2 patients (2.6 %) with III degree obesity. In the structure of diseases of the gastrointestinal tract,
chronic pancreatitis (27.6 %) and chronic cholecystitis (35.5 %) were noted. The main factors in chronic
renal failure development were: chronic glomerulonephritis (48.6 %), urolithiasis (9.2 %), polycystic
kidney disease (2.6 %). In 14.4 % (11 patients) concomitant pathology was chronic arterial hypertension.

4 patients (5.2 %) had a history of surgical interventions to create a new permanent vascular access
for hemodialysis due to complications from existing fistula. 2 male patients (2.6 %) had a history of right
kidney transplantation, and in both cases their mothers acted as donors.

Analysis of echographic data showed that the depth of the abductor vein in patients was 0.49+0.5
cm that reveals to be sufficient for multiple punctures. The diameter of the vein was 5.2—-6.0 mm with
preserved compressibility. In patients without vascular access complications, the mean diameter of the
feeding artery was 4.3+£1.4 mm. The diameter of the anastomosis ranged from 1.4 mm to 10 mm (on average
4.0£1.3 mm). An important determined indicator was VBF in the vascular access, which absolute data
ranged from 500 ml/min to 1600 ml/min (on average 1045.2+405.6 ml/min), which corresponds to normal
indexes for a functioning AVF.
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The upper limbs palpation revealed hemodynamic disturbances manifested in hand temperature
asymmetry (a colder hand with AVF) without limb ischemia. Among the most frequent complications of
AVF during hemodialysis were soft tissue hematomas of the forearm (12 patients or 15.7 %) that appeared
after the hemodialysis procedure (fig. 3 A). During observation, the hematomas did not increase in size,
were not accompanied by vein compression, and were treated conservatively.

In 3 (3.9 %) patients examined during observation of permanent vascular access, the diameter of the
outflow vein was less than 5.0 mm and the VBF was less than 500 ml/min, which made it possible to predict
AVF dysfunction. VBF less than 300 ml/min with the presence of thrombotic masses partially occluding the
lumen was observed in 1 patient (1.3 %), which indicated the development of thrombosis and did not allow
the hemodialysis procedure. Stenosis in the venipuncture area was observed in 3 patients (3.9 %), with
subsequent loss of vascular access in 1 patient. AVF aneurysm with intact skin, without thrombotic masses,
with Doppler “Yin-Yang” symptom was visualized in 1 patient (fig. 3 B).

Fig. 3. Echograms of hemodialysis patients with variants of complications. A — Soft tissue hematoma of the forearm in patient O.;
B — Aneurysm of the draining vein in patient B.

As a result of a questionnaire, the psychological state of patients undergoing hemodialysis was
assessed. Low physical activity and constant fatigue were recorded in all surveyed patients. It was found
that 46 people (60.5 %) experienced a decrease in interest in life, a feeling of dissatisfaction, periods of
depressed mood, a feeling of oppression and hopelessness. In 15 patients (19.7 %), such sensations
occurred more than half the time, and in 17 (22.3 %) — almost daily.

Against the background of the outbreak of military actions, all surveyed patients spoke about the
experienced feeling of hopelessness. Fear from the realization of the lack of access to life-saving treatment
and the awareness of the inevitability of severe suffering aggravated anxiety, causing panic attacks,
depressive states and a sense of doom. Sleep disorders, such as difficulty falling asleep, superficial sleep
or excessive sleepiness, were reported by 40 patients (52.6 %).

With the onset of military actions in Ukraine, 5 patients (6.5 %) stopped undergoing
hemodialysis procedures and left for the territories of other countries, where they received emergency
medical care. At the same time, 4 patients for one reason or another returned to the country for
hemodialysis procedures (5.2 %). In parallel with physical difficulties, the emotional burden remained
throughout the entire stay in the territory of another country. Moving and the process of adaptation in a
foreign country were accompanied by overexertion, loneliness, a feeling of despair and fear for the
future. The need for constant, regular medical care in an unfamiliar environment, combined with
language and cultural barriers created additional difficulties. Those surveyed spoke of their doubts about
whether they would be able to find the strength and resources to continue treatment or adapt to new
living conditions. Patients recalled the attention, help and support from their relatives and friends, as
well as new acquaintances and medical staff.

Thus, ultrasonographic assessment of AVF is the leading method at all stages of patient
management with renal replacement therapy. This noninvasive method allows for a quick and accurate
assessment of vascular access functioning and identification of possible disorders in its functioning.
Echographic parameters are key to ensuring effective fistula operation and hemodialysis. Echographic
parameters such as vein diameter (at least 5 mm) and volumetric bloodflow (at least 500 ml/min) are key
indicators of AVF effectiveness. Regular ultrasound mapping of vessels allows for timely detection of
deviations in AVF operation, minimization of the risk of complications and has diagnostic value for further
patient management.

It seems to us that a more detailed discussion of the data obtained will be possible by focusing on
the following key issues of the topic raised.
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The effective programmed hemodialysis implementation is possible only with reliable, stable and
functional vascular access. Adequate vascular access both formation and maintenance determines
hemodialysis duration and the patient's quality of life. Currently, AVF is supposed to be the optimal first-
line vascular access for long-term hemodialysis and its use is actively recommended in clinical guidelines
in various countries [9]. This type of vascular access provides the best results in terms of durability,
minimizing the number of complications. However, the creation of functional access of this type is a rather
complex process that depends on many factors, including the anatomical features of the patient, such as the
diameter and location of the vessels, as well as their condition [9, 12].

Above half of the patients in our study (55.2 %) undergoing hemodialysis were women. According
to foreign authors, in high-income countries, hemodialysis is initiated in men 1.2—1.4 times more often than
in women, despite the higher risks of chronic kidney disease among women [1]. One of the key
pathogenetic mechanisms for end-stage renal failure development in women today is preeclampsia which
occurs during pregnancy. This serious obstetric complication poses an immediate threat to both the life of
the mother and the fetus, and also has a significant impact on the deterioration of the long-term prognosis
of renal function in women with already reduced nephron reserve [2].

Individual characteristics of the patient's body and the presence of chronic diseases play a
significant role, since they can affect vascular wall both stiffness and elasticity together with vascular
patency [15]. In our study, among patients receiving renal replacement therapy, such concomitant diseases
as glomerulonephritis, urolithiasis and polycystic kidney disease, as well as metabolic and vascular
disorders, including diabetes mellitus and cardiovascular diseases, predominated, which is consistent with
the data presented by a number of authors [8].

Finally, vascular access plays an important role in hemodialysis, providing adequate bloodflow for
effective blood purification in patients with chronic kidney disease. One of the most effective methods for
assessing and monitoring the state of vascular access is ultrasound diagnostics. According to the American
College of Radiology, ultrasound, along with fistulography, is recognized as one of the main approved
methods for diagnosing possible AVF dysfunction [11]. Ultrasound imaging allows for a comprehensive
and dynamic assessment of the arteriovenous fistula. The method allows for determining morphological
changes in the vascular wall, lumen diameter, localization and degree of stenosis, identifying signs of
thrombosis, as well as complications associated with vascular access puncture, and assessing bloodflow
parameters in color and pulsed Doppler modes [11].

It should be noted that echographic parameters, including vein diameter (at least 5 mm) and
volumetric bloodflow rate in vascular access (at least 500 ml/min), serve as the main criteria for AVF
functioning efficiency which corresponds to literature data. Thus, duplex Doppler ultrasound data with
bloodflow volume assessment indicate that an optimally functioning AVF demonstrates a bloodflow rate
within the range of 700 to 1300 ml/min. Bloodflow parameters less than 500 ml/min are considered to be
a vascular access dysfunction predictors as well as the potential development of thrombosis. Also, a
decrease in bloodflow volume by more than 25 % within 1-4 months with initially stable values above
1000 ml/min may serve as a sign vascular access dysfunction approaching [5].

Patient-oriented studies have also shown that fatigue, insomnia, cramps, depression, anxiety, and
frustration are key symptoms that negatively affect the treatment outcomes of patients undergoing
dialysis [6].

Our results correlate with the existing published results in the scientific literature. Thus,
ultrasound can detect both early signs of AVF dysfunction and complications that arise with multiple
punctures. Taking into consideration its high information content, availability, and safety, the study is
the main method for monitoring vascular access in the complex management of patients receiving renal
replacement therapy.

Conclusions

1. Ultrasonographic assessment of AVF is the leading method at all stages of patient management
with renal replacement therapy.

2. This noninvasive method allows for a quick and accurate assessment of vascular access
functioning and identification of possible disorders in its functioning.

3. Echographic parameters such as vein diameter and volumetric bloodflow are key indicators of
AVF effectiveness.

4. Regular ultrasound mapping of vessels allows for timely detection of deviations in AVF
operation, minimization of the risk of complications and has diagnostic value for further patient
management.
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5. Ultrasound Doppler study is the main method for vascular access monitoring in the complex
management of patients receiving renal replacement therapy.

Prospects for further research aimed at detailed clinical and laboratory study of the arteriovenous
fistula characteristics of bloodflow and its depth during hemodialysis to develop precise clinical
recommendations for this manipulation prognostic efficacy identification and possible complications
prevention.
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