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Radiation or imaging methods occupy an important place in the diagnosis and
differential diagnosis of kidney diseases. Their role has especially increased in recent
years due to technical improvements that have significantly increased their resolution and
safety. Radiation diagnostics has changed ideas about the prevalence of certain diseases
(for example, ischemic kidney disease) and their role in the development of end-stage
renal failure. Modern imaging methods allow not only to get an idea of the structural
features of the kidneys and urinary tract, pathomorphological changes in them, but also
to evaluate renal blood flow, filtration function, tubular transport, and urodynamics .
Renal imaging is of great importance for diagnostic procedures (kidney biopsy) and
surgical interventions on the kidneys, urinary tract and renal vessels. Based on the
principles of image acquisition, imaging studies can be divided into ultrasound, x-ray
(including conventional x-ray and computed tomography - CT), magnetic resonance and
radioisotope.

Radiation methods for studying the kidneys

Ultrasonic:

* ultrasound examination (ultrasound);

* Doppler ultrasound (USDQG). X-ray:

* fluoroscopy and radiography of the abdominal organs;
* excretory urography (EU);

» X-ray contrast methods for studying the urinary tract with the direct introduction
of contrast agents into them (retrograde and antegrade pyeloureterography , retrograde
and suprapubic cystography);

* renal angiography (RAA);

 X-ray contrast examination of the renal veins. CT:
* CT scan of the kidneys and urinary tract;

* CT angiography.

Magnetic resonance imaging (MRI):

* MRI of the kidneys and urinary tract;

* MRI angiography.

Radioisotope study (RI) of the kidneys:
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« static and dynamic renoscintigraphy ;
* single photon emission CT (SPECT);
* positron emission tomography (PET).

In recent years, revolutionary technological changes such as the introduction of
radiocontrast agents and digital image conversion have significantly expanded the
capabilities of renal imaging and increased the importance of radiodiagnostic methods in
nephrology. The role of radiocontrast agents is especially important in visualization of the
kidneys using X-rays (EI, CT of the kidneys), for which the natural contrast of kidney
tissue is small, as well as in angiographic studies. At the same time, the use of
radiocontrast agents is associated with a high risk of complications, including kidney
complications (acute renal failure) due to their chemo- and osmotoxicity . The main
methods of preventing complications are identifying patients at high risk (reduced renal
function, polyvalent drug allergies, diabetes mellitus, congestive heart failure,
dehydration and hypotension, widespread atherosclerosis, liver dysfunction), using safer
low-osmolar drugs, using the minimum possible doses, hydration of patients (1.5 ml/kg/h)
for 12 hours before and after the study. The protective effect of prophylactic
administration of dopamine, mannitol, and calcium antagonists has not yet been proven.
The first data on the preventive effect of acetylcysteine are contradictory, and the positive
results obtained by some authors need to be confirmed. In case of severe renal failure
(blood creatinine level >2.0 mg/ dl ), the use of radiocontrast agents is contraindicated.
Currently, X-ray contrast agents are used not only in X-ray diagnostics, but also in MRI
and ultrasound of the kidneys. In MRI, for the purpose of contrast, drugs containing the
rare earth metal gadolinium are used, the atoms of which have special magnetic
properties. The toxicity of gadolinium preparations is significantly lower (10 times or
more compared to iodine-containing radiocontrast agents), and they can be prescribed to
patients with renal failure. A real breakthrough in the development of methods for
radiographic examination of internal organs was the advent of CT, which provides a layer-
by-layer image of the human body in a transverse projection, which is important both for
improving visualization due to the elimination of interference, and for accurately
determining the localization of pathological formations. The inventors of this method,
Cormack and Hounsfield, were awarded the Nobel Prize. Modern spiral high-speed
tomographs make it possible to obtain a complete image of the kidneys and their vascular
tree in 1 phase of the respiratory cycle and carry out a computer reconstruction of a three-
dimensional image of the organ (see figure). Currently, digital image conversion with the
subsequent creation of a three-dimensional image is used not only in CT and MRI, but
also in modern modifications of ultrasound, X-ray (SPECT). Digitization of images
provides the possibility of secondary analysis using special filters that increase contrast,
allows you to archive a large amount of information for the purpose of repeated analysis,
assess the dynamics of changes, and instantly transmit it over long distances for
consultation.

Invasive diagnostic methods are increasingly used, when the radiation source and
sensor are brought closer to the object of study to obtain a better image due to increased
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resolution and reduced interference (for example, ultrasound of the renal artery with intra-
arterial insertion of the sensor). This method makes it possible to study in detail the
structure and echo density of an atherosclerotic plaque and thrombus, can be combined
with therapeutic endovascular interventions, and is used when performing transjugular
kidney biopsy. Improving radiology diagnostics is not only improving image quality, but
also expanding the possibilities for studying renal function. Traditionally, the greatest
importance 1s attached to radioisotope research methods (dynamic renoscintigraphy ),
which make it possible to most accurately assess the blood supply to the kidneys, their
filtration function, compare the rate of glomerular filtration in the right and left kidney,
study the effective renal plasma flow , identify the phenomena of hyperperfusion of the
renal glomeruli and hyperfiltration , the functional state of the tubular apparatus and
urinary tract patency. New modifications of MRI (magnetic resonance spectrometry) and
RI (PET) have the ability to study the characteristics of metabolism in tissues. The picture
of kidney damage in various diseases has certain features that you need to know.
However, the specificity of changes in the kidneys detected using radiation diagnostic
methods is, as a rule, low, and the diagnosis can only be made by taking into account
survey data, complaints, anamnesis, results of physical examination, laboratory and
instrumental testing.

MRI has the greatest versatility in the study of kidneys, but this method will not be
widely available for a long time; In addition, it has disadvantages and limitations and
therefore cannot replace other renal imaging methods. Ultrasound is distinguished from
other methods by its combination of a wide range of diagnostic capabilities, high safety,
relatively low cost and high availability, so today it forms the basis of diagnostics in
nephrology. As a rule, the examination of a nephrology patient begins with this imaging
method , and in many situations ultrasound provides comprehensive information. In order
for expensive diagnostic equipment to be used effectively, a developed service system,
the ability to supply the necessary auxiliary devices, additional accessories and
consumables are needed. A separate issue is the training of specialists who could
competently interpret the results and use all the capabilities of the equipment. The quality
of specialist training is of particular importance for ultrasound diagnostics, since storing
the entire amount of information is impossible, and image quality highly depends on skills
(correct installation of the sensor). It is also important to document research results in
detail and correctly and store this data. Modern means of communication make it possible
to quickly discuss research results with specialists located many thousands of kilometers
away, but this is only possible in the case of strict standardization of the research protocol
and technique. Although diagnostics using imaging methods are primarily performed by
radiologists, the nephrologist must have basic skills in interpreting images of the kidneys
obtained using different methods, and have a good understanding of the advantages and
limitations of each of them, since it is his task to determine the indications for the use of
certain methods. methods, comparing the data obtained with each other, as well as with
data from laboratory tests, anamnesis, medical examination and making a final diagnosis.
Joint conferences and reviews of the most difficult diagnostic cases with the participation
of radiologists and nephrologists are very useful.
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