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Modern Methods for Diagnosing Disorders of Kidney
Function (Literature Review)
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Laboratory diagnostics necessarily include a general blood test to identify signs of a possible
infectious process in the body, to determine the amount of hemoglobin, a decrease in which is possible
with kidney disease [1,2,3,4].

A biochemical blood test shows the content of various substances, including uric acid and creatinine
(nitrogenous toxins), an increase in which indicates insufficient kidney function. In severe renal
failure, the amount of urea and creatinine in the blood can increase by 5-10 times. A biochemical
blood test can also be used to judge about other changes in the body that may be related to the urinary
system. One of the most accurate studies of renal function is the determination of creatinine clearance
according to the formula, the volume of blood that is cleared of creatinine in one minute is calculated.
This indicator allows you to more accurately determine the degree of renal failure [3].

Modern protocols for the treatment of glomerulonephritis based on the data of percutaneous puncture
biopsy of the kidney.

Percutaneous kidney biopsy examines the kidney tissue. Under the control of ultrasound, a fine biopsy
needle is taken through the skin of the kidney tissue microelements under anesthesia. Then these
elements are examined by a morphologist in three ways: light, immunofluorescence and electron
microscopy, on the basis of which a conclusion about the type of kidney pathology is issued. Kidney
biopsy became routine nephrological practice in the late 20th century and radically changed the
diagnosis of kidney disease. It is currently impossible to establish a reliable diagnosis without renal
biopsy studies.

The study of creatinine is widely used in laboratory practice, firstly, as one of the biochemical
indicators of hyperazotemia; secondly, as a clearance indicator characterizing the degree of
purification of a certain volume of blood passing through the kidneys in one minute.
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It should be noted that an increase in the level of creatinine and urea in acute renal failure are rather
late signs, when more than 50% of the nephrons are affected. In severely impaired renal function, the
creatinine content in the blood can reach very high numbers - 800-900 umol / L, and in some cases -
up to 2650 pmol / L.

With uncomplicated acute renal failure, the concentration of creatinine in the blood increases by 44-88
umol / 1 per day. In acute renal failure with muscle damage (extensive injury), the creatinine level
increases more markedly as a result of a significant increase in the rate of its formation. The level of
creatinine in the blood and glomerular filtration are recognized as the main laboratory criteria in the
classification of chronic renal failure (CRF).

Due to the high reserve capacity of renal hemodynamics, creatinine is not a sensitive indicator of early
kidney disease and may remain at the same level when a significant part of the nephrons is affected.
Therefore, this test is usually used simultaneously with the determination of urea test No. 1.2.3), which
is more sensitive to functional changes in the kidneys. The nature of the food affects the creatinine
level to a lesser extent than the level of urea. A slight increase in the content of creatinine in the blood
can cause an increased intake of exogenous creatine and creatinine from meat food [5,6,9].

Glomerular filtration rate (GFR) most fully reflects global renal function and forms the basis of the
modern classification of «chronic kidney disease».

Calculating GFR is a laborious technique. In clinical practice, simple methods of calculating GFR can
be used by measuring serum parameters without collecting daily urine. The application of the formulas
D. W. Cockroft and M.H. Gault or MDRD (Modification of Diet in Renal Disease) [17,18].

A simplified version of the MDRD equation for patients with diabetes has been proposed in
comparison with the Cockcroft-Goult formula [24].

Angiography remains the «gold standard» for determining renal artery occlusive disease despite the
risk of serious complications of the nephrotoxic effect of contrast agents in elderly patients and
patients with diabetes. In this regard, the problem of interaction between hyperglycemia and
nephrotoxic radiocontrast agents is discussed. It is known that hyperglycemia is a risk factor for acute
renal failure when using contrast agents. The pathophysiology of radiotherapy-induced renal injury
suggests a vasoconstrictor effect on the renal vessels, leading to hypoxia and direct tubular toxicity. It
has been clinically proven that the risk of such complications is reduced with the use of low-osmolar
contrast media instead of high-osmolarity and sufficient hydration of the body. However, even in this
case, complications develop in diabetic patients 3 times more often than in patients without diabetes
[13].

Scintigraphy with captopril is used in patients with preserved nitrogen-excreting renal function and
allows not only to effectively diagnose renovascular hypertension, but also to predict a decrease in
blood pressure after intervention. During the sample, the GFR is assessed by the radionuclide
clearance (Tc-MASZ) before and after the administration of ACE. The renogram indicates pathology
if the removal of the radioactive label is delayed. For the test, sufficient hydration, withdrawal of ACE
or ARB, diuretics, posing a risk for patients with heart failure, are required. In addition, it is not
entirely clear whether a single dose of captopril is safe in individuals at risk of severe renal artery
stenosis [15].

Ultrasonic pulse-wave dopplerometry is widely used in clinical practice due to its selectivity,
information content, non-invasiveness, versatility. In combination with color Doppler mapping, this
method is used in such areas of clinical medicine as cardiology, neurology, obstetrics and gynecology,
nephrology, and pediatrics. The indications for the use of this method are constantly expanding [3].

The Dopplerogram reflects the spectrum of blood flow velocities in the vessel during the pulse cycle.
The most often used in calculations are extreme values of velocities according to the Doppler signal
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data. The quantitative assessment of blood flow through the vessel depends on the angle of insonation.
And the arteries, in which the measurement is usually carried out, are often located so that the angle
cannot be set correctly. The advantage of relative indicators expressing the ratio of the amplitudes of
extreme or averaged Dopplerogram values during the pulse cycle is their independence from the angle
of insonation [3,10,21]. Resistance indices in the statistics of renal hemodynamics are used as an
indicator of comparison of two values characterizing the level of the studied phenomenon, pulse filling
of a separate section of the vascular bed.

In some publications devoted to studies of renal hemodynamics, the terms «resistance index» and
«renal vascular resistance» have become equated [20].

At the same time, works appeared where the correspondence of the resistance index to the resistance to
blood flow is critically examined. It was experimentally established that the resistance index reflects
the integration of arterial compliance, arterial pulsation component and resistance of the distal
circulatory bed, which normally determine continuous antegrade diastolic blood flow through the main
renal arteries.

According to I.V. Begun's own data (2009), the resistance index correlates with the values of the mean
and integral blood flow velocities in the main renal arteries, along with the integral velocity of the
filling and ejection fraction of the left ventricle, and the duration of the pulse cycle [3].

Researchers are focusing on the potential role of Doppler sonography in assessing ureteral obstruction
[7].

Gray-scale ultrasound research information is often incomplete or misleading. Expansion of the
collecting system of the kidneys can be due to such non-obstructive reasons as residual dilatation from
previous obstruction, pyelonephritis or reflux. The accuracy of the Doppler diagnosis of obstruction
increased when the IR of a potentially obstructed major renal artery was compared with an unaffected
contralateral kidney [25].

According to other authors, the sensitivity of Doppler sonography in the diagnosis of obstruction was
52% [16]. Chen J. (1993) notes the impossibility of using the method for bilateral obstruction.

Gray-scale ultrasound can determine the size of the kidneys, the thickness and echogenicity of the
parenchyma and help in the diagnosis of chronic renal disease. However, these data are not specific
enough. With the advent of the Doppler method, its capabilities are being studied in the diagnosis of
non-obstructive kidney disease.

In work performed by J. Platt et al. (2004), the results of kidney biopsy in various pathologies in 41
patients were compared with the IR value of the intrarenal arteries (interlobar and arcuate) [23].

Patients with isolated lesions of the glomerular apparatus had normal IR levels. In vascular or
interstitial pathology, an increased level of IR was noted. These data were refuted by G. Mostbeck and
co-authors. (2000). Differentiation of the types of glomerulonephritis using Doppler indices of renal
resistance, according to [19], turned out to be unreliable.

In some studies, IR is described as a marker of diabetic nephropathy in patients with impaired renal
function. However, it did not always reflect the presence of nephropathy in patients with normal renal
function. It is known that patients with diabetes mellitus develop glomerular hyperfiltration, which is
based on arteriolar vasodilation. A decrease in the level of IR for intrarenal arteries in patients with
hyperfiltration [22] is associated with a decrease in renal arterial resistance, which provides an
increase in renal blood flow in the diastolic phase. In the study of blood flow in patients with initial
hemodynamically significant signs of nephropathy (the phase of hyperfiltration and renal hyperfusion),
a significant increase in IR, C / D at the level of the arcuate and interlobular arteries was recorded [10].
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There is an opinion that indicators of renal vascular resistance may be associated with systemic
diseases and reflect not only the state of the renal transplant [15].

Specific changes in blood flow have been described for arteriovenous fistula and renal vein thrombosis
as complications after kidney transplantation. The diagnosis of arteriovenous fistula is confirmed if a
decrease in resistance with an increase in diastolic blood flow is determined in the supplying arteries
[15].

Despite the share of a negative approach to IR in some studies, this indicator can be effectively used in
studies of renal blood flow. When calculating this indicator, it is necessary to take into account the
accompanying pathophysiological mechanisms of hemodynamic provision of the kidney, which makes
its clinical application more correct.

Selective angiography and radiopaque computed angiography with the introduction of contrast agents
(CA) are used everywhere in practical medicine. Therefore, the safety issues of radiopaque studies or
interventions using contrast media are of great importance.

Prevention of the nephrotoxic effect of CA, the so-called contrast-induced nephropathy (CIN), remains
an urgent problem.

Endovascular interventions are increasingly being performed in severely ill patients of the older age
group with multifocal atherosclerosis, diabetes mellitus, arterial hypertension, heart failure, and
chronic kidney disease.

The interventions themselves become more complex, multi-stage, with the use of a large volume of
CA. The active use of X-ray computed tomography at the diagnostic stage with intravenous CA
administration increases not only the total radiation exposure, but also nephrotoxicity.

Dundua D.P. [8] studying the intravenous or intra-arterial administration of X-ray contrast agents in
order to determine the anatomy of the vessels, the nature and localization of lesions in them, to assess
the blood supply to various organs and tissues, he came to the conclusion that modern isoosmolar and
low-osmolar contrast agents (Yodixanol, Yogeksol, Yoversol and Yopromid) do not differ in the
frequency of contrast-induced nephropathy. They are equally safe for use in interventional cardiology
and angiology. With moderate renal dysfunction, contrast-induced nephropathy occurs in 10% of
cases, with normal renal function - in 6.4% of cases. In most patients with moderate renal dysfunction,
the use of Yoversol and lodixanol does not lead to a deterioration in renal function. Initial renal
dysfunction, diabetes mellitus, age over 70 years increase the likelihood of developing contrast-
induced nephropathy after endovascular intervention [8].

A group of authors has developed a prognostic method for diagnosing the stage of acute renal failure
[11], which consists in determining the stage of acute renal failure (serous or purulent). The method is
carried out by determining in the patient's urine for the first time the hours of admission to the hospital
of a complex of enzymes of the class of oxidoreductases - LDH, SDH, GL-6-FDG. With LDH <1.67,
LDH <1.58, GL-6-FDG <21.10 pumol / g protein, the serous stage of pyelonephritis is diagnosed, and
with LDH activity> 1.70, SDH> 1.60, GL-6 -FDG> 22.20 - purulent stage of pyelonephritis. The
method is simple and can be carried out in the laboratory of an emergency hospital within 2.5 - 3
hours. The diagnostic value of this method is 90%.

The development of the functional direction using various pharmacological stress tests led researchers
to the idea of the possibility of using diuretics, beta-adrenergic agonists and drugs that affect the
arterial component of renal blood flow. These drugs cause increased functional stress on the kidneys
and urinary tract. We used furosemide, ginipral, and vazaprostan to identify latent insufficiency and
reserve hemodynamic capabilities of the kidneys and upper urinary tract.
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The authors used pharmaco-ultrasonography with a diuretic to improve the diagnosis of papillary
tumors of the pyelocaliceal system. As already noted, even with undisturbed passage of urine, a short-
term response of the calyx-pelvic system to the introduction of furosemide occurs. Therefore, with
ultrasound scanning of the kidney in various planes at the time of the physiologically expanded calyx-
pelvic system, it is possible to visualize a volumetric formation in the pelvis, which is impossible with
conventional echoscanning.

Ultrasound assessment of the bladder and prostate is widely used in the diagnosis of various diseases
of these organs. If you create an increased functional load on the bladder wall by «physiological»
overflow, you can get information about the extensibility of the detrusor. In combination with the
assessment of the act of urination, this complements the information on the functional state of the
bladder, specifies the indications for conservative or surgical treatment tactics for bladder obstruction.

With ultrasound descending polycystoscopy, it is possible to determine the degree of infiltration by the
tumor process of the bladder wall, its mobility, which is important to know in the event of an
upcoming radical operation. The study should begin on an empty bladder, and then create drug-
induced polyuria. At the same time, constant ultrasound control with video recording is required to
monitor the dynamics of bladder filling and expansion of its walls [12,13,14].

Until recently, visualization of the urethra was carried out either by an X-ray method using a contrast
agent, or by an invasive instrumental method - by urethroscopy. Ultrasound scanning using various
sensors in real time with video recording made it possible to perform ultrasound cystourethroscopy at
the time of urination. Doppler ultrasonography of urine flow and uroflowmetry performed
simultaneously provide maximum information for functional assessment of the act of urination.

It should be emphasized that all ultrasonic functional research methods are subject to registration on
videotape, which makes it possible to analyze the data by multiple viewing of video materials.

The combination of ultrasonic microfusion cystourethroscopy with color Doppler mapping of urine
flow, as well as the combination of ultrasound microfusion cystourethroscopy with uroflowmetry,
expands the diagnosis of functional disorders of the lower urinary tract urodynamics in physiological
conditions, allows you to identify their causes and determine their localization.

The foregoing allows us to assert that the methods of functional ultrasound diagnostics are the basis of
a new direction in urology. The use of ultrasound methods with various pharmacological loads helps
to improve the diagnosis of the disease, assess the functional state of the kidneys and urinary tract. The
enormous importance of such information is obvious not only for the purposes of diagnosis, but also
for the choice of treatment tactics, assessment of treatment results and determination of the prognosis.
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