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Abstract

In developed countries, the main methods of research and dynamic monitoring of cystic kidney formations are CT and MR, but their use is im-
possible in patients with severe concomitant diseases, as well as in the presence of metal structures, pacemakers, etc. Additionally, taking into ac-
count the high dose of radiation exposure when using CT obtained by the patient during dynamic observation, the development of alternative
methods is relevant. These include, but not limited to, ultrasound using contrast enhancement, which can be used as an alternative or additional
method in primary diagnosis or in the dynamic observation of cystic kidney formations. In the article, the authors provide their own experience
with the use of an ultrasound contrast medium for the diagnosis and dynamic observation of complex kidney cysts, as well as the introduction
of ultrasound observation using a contrast medium to classify patients according to Bosniak M.A.

The study included the results of the use of contrast enhanced ultrasound (CEUS) in 28 patients with various cystic formations of the kidneys. The
patients were previously divided into two groups: the first consisted of 13 patients with simple cysts, the second - 15 with suspected complex
cysts. As a result of the study, the patients were distributed as follows: 15 patients were classified as Bosniak type |, 7 patients — as type Il, 3 - type
Ill, 3 - type IV. The studied CEUS method is simple and effective. The specificity of the method was 78.57%, the accuracy of the method was
85.71%, the predictive value of the positive result was 81.25%, and the predictive value of the negative result was 91.66%. CEUS helps to quickly
and accurately conduct differential diagnosis between a simple cyst and a complex one, as well as classify cysts according to M.A. Bosniak.
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NUCMOJIbSOBAHUE KOHTPACTHOIO YCHIIEHMA
[P YJIBTPA3BYKOBOM UCCJIEAOBAHUU MPOCTbIX
U CJTOXHbIX KUCT NOYEK

9.A. Conosbes', J1.A. Mutuna', b.4. Anekcees', C.O. Crenanos’, A.C. Kannunckuit',
B.O. Oumutpos', E.A. Hasomnkun?
'MHUOW um. T.A. Tepuera — dpunman PIbY «HMMPL» Munsapasa PP, Mocksa, Poccus

2MoCKOBCKMI rOCYAAPCTBEHHbIN YHUBEPCUTET MULLEBLIX NPOM3BOACTB, Mocksa, Poccus

Pesiome

B pa3BuTbIX CTpaHax OCHOBHbIMV METOAAMMN UCCIIE[0BaHNA 1 AMHAMUYECKOTO HabMOAEHNA 33 KICTO3HbIMU 06pa3oBaHNAMM MOYEK ABNA-
torcA KT 1 MPT, ofHaKo UX NPpUMEHEHNEe HEBO3MOXXHO Y MaLMEHTOB C TAKENbIMU COMYTCTBYOLWMMU 3a601€BAHMAMY, @ TaKKe NPy Hanuunm
B OpraHvi3mMe MEeTaNIoKOHCTPYKLMI, KAPANOCTUMYNATOPOB U T.A. [JJONONHUTENBHO NPUHMMAsA BO BHUMaHWUE BbICOKYIO 403y JlyYeBOii Harpys-
Ky npu ncnonb3oBaHuy KT, nosyyaemoi nauneHTom Npu AnHaMUYeckom HabntoaeHnm, ABNAETCA akTyanbHON pa3paboTka anbTepHaTUBHbIX
MeTofMK. K OTHOCUTCA ynbTpa3ByKOBOE MCCIIEA0BaHME C MPUMEHEHEM KOHTpacTHoro ycuneHus (KYY3/), KoTopoe MoXeT Mcnosib3oBaTbCs
KaK anbTePHATUBHbIN N JOMOHUTENbHbIN METOZ B NEPBUYHO ANArHOCTUKE UV B AMHAMUYECKOM HabiofeHN KICTO3HbIX 06pa3oBaHui
noyek. B ctaTbe aBTOPbI NPUBOAAT COOCTBEHHDI OMbIT MPUMEHEHUA NPU YNbTPAa3BYKOBOM UCCIEA0BAaHMMN KOHTPACTHOrO Npenapata Ans Ava-
FHOCTVKM U AMHAMUYECKOTO HabMofeHNA CNOXKHBIX KUCT MOYEK, @ TaKXKe BHEAPEHNA STON TEXHONIOMMW ANA pacnpefenieHysa NauneHToB no
Knaccnowmkauum M.A. Bosniak.
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B ocHoBYy mccnepoBaHuA BowwM pe3ynbTatbl NpuMeHeHna KYY3W y 28 naumeHToB C pa3fvyHbIMKA KUCTO3HbIMM 06pPa3oBaHUAMU MOYEK.
MpenBaputenbHO NauyneHTbl 6biny pa3aeneHbl Ha ABe FPYNMbl: MePBYIO COCTaBMAM 13 MaLUMEHTOB C MPOCTbIMK KUCTamu, BTOPYIO — 15 naum-
€HTOB C MOJO3PEHNEM Ha CJIOXKHbIE KUCTbI. B pesynbTtate nccnefoBaHna 6bi10 NonyyeHO crepyoliee pacnpeaeneHune naymeHTos no M.A.
Bosniak: 15 oTHeceHbl K | kKateropun, 7 - ko I, 3 - k lll, 3 - K IV. Uccnepyembiin metop KYY3W otnnuaetca npoctotoit 1 3GPeKTUBHOCTbIO.
CneundunyHocTb MeTofa coctaBuna 78,57%, TOUHOCTb MeToAa — 85,7 1%, MPOrHOCTUYHOCTb MOMOXKUTENbHOIO pe3ynbrata — 81,25%, NporHo-
CTUYHOCTb OTpULIATENbHOrO pesynbrata — 91,66%. KYY3M nomoraeT 6bICTPO 1 KauecTBeHHO NpoBecTy AnddepeHLnanbHy0 AUarHOCTUKY
MeXXAy MPOCTON KNCTOW 1 CIIOKHOMN, a Take Knaccuduumposatb KUCTbl o M.A. Bosniak.
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Introduction

Cystic kidney disease is fairly common, with the oc-
currence rate in people under the age of 40 from 5% to
20%, and exceeding 30% in patients older than 60 or
70. During ultrasound examination of the kidneys, spe-
cialists often encounter complex cysts: they are distin-
guished by the presence of partitions, calcinates, thick
contents, a solid component, as well as thickened walls.

Currently, computer tomography (CT) and magnetic
resonance imaging (MRI) are the standard for differential
diagnosis of benign and malignant kidney formations.
The introduction and use of a contrast agent allows for
the visualization of the solid component, the septum,
calcinates, and other inclusions that accumulate contrast
in cystic formations, which makes it possible to deter-
mine which patients require surgery. According to the
degree of severity of partitions and their location, cysts
are assigned to one of the four main groups in accor-
dance with the classification developed by M. A. Bosniak
and adopted in 1986 Kidney cysts classification by M. A.
Bosniak [1-3], in its simple version, can be presented as a
table (Table 1).

The authors distinguish between 4 categories of kid-
ney cysts based on the presence of multiple partitions,
filling with the contrast agent, as well as the presence or
absence of calcinates and a solid component [5]. Cysts
assigned to group lll and IV require surgical treatment
since the probability of the presence of a malignant le-
sion is high, 92% and 100%, respectively [6-9]. When
CEUS is performed, these cysts accumulate the contrast
agent in the walls, partitions, have a solid contrasting
component, or feature all of the above at the same time.

Not so long ago, contrast agents (CA) were intro-
duced to the ultrasound imaging procedure. Contrast-
enhanced ultrasound technique (CEUS) is developing.
The technology has found intensive application in the
diagnosis of heart and liver diseases, and by 2008 rec-
ommendations for extrahepatic use of CA were issued
[10-12].

The purpose of this research is to determine the diag-
nostic significance of the use of contrast agent for ultra-
sound, as well as to evaluate the possibility of using CEUS
for the follow-up of simple and complex kidney cysts.

Materials and methods

In the period from 2017 to 2018, we used contrast
enhancement ultrasound to examine 28 patients with
various cystic kidney formations. In most patients with
simple cysts, CEUS was performed in connection with
another cancer as the principal disease or in order to con-
firm the presence of liver metastases. The study included
cysts ranging in size from 15 mm to 35 mm. Larger cysts
were screened out. Not all patients with the studied cysts
were further examined with other diagnostic methods,
including CT with contrast enhancement and MRI with
contrast enhancement. Contrasting for ultrasound was
performed with a SonoVue CA (Bracco Swiss S. A., Swit-
zerland) based on sulfur hexafluoride on a Philips Epiq 7
unit (Philips, Netherlands), with a 1-5 MHz convex trans-
ducer. Initially, all patients underwent ultrasound of the
kidneys without contrast enhancement, then 2.4 ml of
SonoVue was injected into the vein via an ulnar catheter.
During the study, a video recording was performed for 3
minutes. After the study, the organ and formations were
evaluated both visually and with QLAB software (Philips,
Netherlands).

The accumulation of contrast in unchanged kidney
tissue and in the walls of cysts was evaluated, special at-
tention being paid to the partitions in the lumen of an-
echoic formations, as well as to complex cysts, in which
blood flow appeared in the modified partitions and walls
in the arterial phase.

Results and discussion

During the study, we identified the following con-
ventional groups of patients with the use of contrast en-
hanced ultrasound diagnostics (Fig. 1).
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Ta6nuual

Knaccuoukauma KUCTO3HbIX obpa3oBaHui nouky no M.A. Bosniak [4]
Table 1

Classification of kidney cystic formations according to M.A. Bosniak [4]

Karteropusa no
Bosniak Ocob6eHHOCTN

MpocTas, fo6poKaYeCTBEHHAA C TOHKOW CTEHKOMW, HE COLEPXKUT CEMT,
0yaroB 0ObI3BECTBIEHWI 1 CONUIHBIX KOMMOHEHTOB. o MNAOTHOCTK
COOTBETCTBYET BOJIE U HE KOHTPACTUPYETCH.

Simple benign with a thin wall, does not contain septa, foci of
calcifications or solid components. The density corresponds to water
and does not contrast

JlobpoKayecTBeHHas K1CTa, B KOTOPOW MOTyT ObITb

HEMHOroumnceHHble TOHKME CenTbl. B cTeHKe 1wy centax BO3MOXHbl

MeJIKMe oyary 06bI3BeCTBIEHUA. [OMOreHHOE M’MMOUHTEHCVMBHOE MO

CPaBHEHUIO C MAPEHXMMON 06pa3oBaHVie AMAMETPOM <3 CM, C YETKMU
Il rpaH1LaMK, He HakanauBatoLlee KOHTPacT.

A benign cyst in which there may be a few thin septa. Small foci

of calcification are possible in the wall or septa. Homogeneous

hypointense (compared to parenchyma) formation with a diameter of

<3 cm, with clear boundaries, without contrast

B KnCTax, OTHOCALYMXCSA K STOW KaTeropum, MOXeT ObiTb 6osbLue
TOHKMX CenT. BO3MOXHO HE3HAUUTENbHOE YCUIEHME CENT U CTEHKM
KUCTbI, @ TaKXKe MUHMasbHOE YTOJLIEHNE UX. B KucTe moryT

6bITb OTHOCWTENIBHO KPYMHbIE 0Yary oObI3BECTBIIEHMSA, MetoLLVe
HOAYNAPHYIO CTPYKTYPY, HO HE HaKan/IMBaKLLiMe KOHTPACTHOE
BeLeCcTBO. MArKOTKaHHbIE 3N1EMEHTbI, YCUMBAOLLME CUTHANbI,
OTCYTCTBYIOT. K 3TOI KaTeropum OTHOCATCA TaKKe PacroNiOKeHHble
MOJIHOCTbIO MHTPAPEHANbHO KNCTO3HblE 06PAa30BaHNA AMAMETPOM
>3 CM, He HaKanMBaloLL/ie KOHTPACTHOE BELLECTBO, UMEIOLLME YETKO
OYEepYEHHbIE FPaHNLibl U MOBbILLEHHYH MAOTHOCTb.

The cysts belonging to this category may contain more thin septa.

A slight strengthening of the septa and cyst walls, as well as their
minimal thickening. The cyst may contain relatively large foci of
calcification with a nodular structure, but not accumulating contrast
medium. Soft tissue features amplifying the signals are absent. This
category also includes fully intrarenal cystic formations with a diameter
of >3 cm that do not accumulate contrast medium and have clearly
defined borders and increased density

IIF

KncTo3Hble 06pa3oBaHns C HEPOBHbLIMU YTOMLEHHBIMU CTEHKAMU UMK

CenTamu, B KOTOPbIX MOXXET HaKamMBaTbCsl KOHTPACTHOE BELLECTBO
11l (KOHTpacTHOe ycuneHue).

Cystic formations with uneven thickened walls or septa, in which

contrast medium can accumulate (contrast enhancement)

AIBHO 3110KaueCTBEHHbIE KMCTbI, COAepPXKaLLne MArKOTKaHHbI
KOMTOHEHT, ANA KOTOPOro XapaKTepHO KOHTPACTHOE yCuieHMe.
Obviously malignant cysts containing a soft tissue component, which
is characterized by contrast enhancement

PesynbraT nccneposaHunsa

[lo6pokauecTBeHHas KuCTa.
Benign cyst
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[lobpokayecTBeHHas KucTa.
Benign cyst

Heobxogumo HabnogeHne
60nbHOrO.

VIHorga BO3MOXHO
3/10KaYeCcTBEHHOE
nepepoxaneHve.
Observation is necessary.
Malignant degeneration is
sometimes possible

Moka3aHo xmpypruyeckoe
neyeHne nnn HabngeHne B
OnHamuke. bonee uem B 50%
cnyyaes Kuctbl Il Kateropun
6bIBalOT 3/10Ka4ECTBEHHbIMU.

Surgical treatment or
observation in dynamics.
In more than 50% of
cases, category Il cysts are
malignant

PekomeHnpyetca
Xnpypruyeckoe
yaaneHue. B ocHoBHOM
3TO 3/710Ka4eCTBEHHbIe
HOBOOOPa3oBaHMA.
Surgical removal is
recommended. These are
mainly malignant neoplasms
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KomnnekcHoe Y3WN / Complex US

n=28
[ |
MpocTble kncThbl / Simple cysts CnoxHble knctbl / Complex cysts
n=13 n=15
| |
OpHa neperopogka [1Be neperopoaku HeopHopogHble
One partition Two partitions Heterogenous
n=5 n=2 n=8
KYY3U / CEUS
n=28
[ | | |
Bosniak | Bosniak Il Bosniak Il Bosniak IV
n=15 n=7 n=3 n=3

Puc. 1. Mpynnbl nauMeHTOB ¢ KUCTaMu NoYvekK go v nocne KYY3U
Fig. 1. Groups of patients with renal cysts before and after CEUS

In the first group, consisting of 13 (46.42%) patients,
contrast enhancement was administered primarily for
the diagnosis of secondary liver damage. The study un-
expectedly revealed some simple cysts in the kidneys.
Cysts were visualized as simple thin-walled anechoic for-
mations of a benign nature. They had no partitions. Their
contents were determined to be liquid. During CUSI, no

additional inclusions were found in the lumen of the
cysts. All 13 patients were classified by us as category |
according to the M. A. Bosniak classification.

The second group consisted of 15 (53.58%) pa-
tients who, as a result of ultrasound examination in
the gray scale and other methods of kidneys examina-
tion, were found to have clearly visualized additional

30
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Puc. 2. KoHTpacTupoBaHue B apTepuasbHyio ¢pa3y NpocTon KUCTbI
lMpu uccnepoBaHMn B CTaHAAPTHOM peXuMme y nauuMeHTa 3anofo3peHo conupHoe obpasoBaHue. lNpu
MCNONb30BaHMM KOHTPACTHOro npenapata B apTepuanbHylo ¢a3y BU3yalM3MpPOBaHO HEKOHTpacTHoe
o6Gpa3oBaHue, KOTOpoe Hamu OblsI0 ONMCAHO KaK NpocTas Kucta no Knaccudpumkaumm Bosniak |

Fig. 2. Left outer surface of the upper limb

When examined in standard mode, a solid formation was suspected. When using a contrast agent, a non-
contrast formation is visualized in the arterial phase, which we ascribe as a simple cyst according to the

Bosniak | classification

structures in the cyst, or the presence of partitions was
suspected.

Among the patients who were suspected of having
complex cysts during standard ultrasound, CEUS re-
vealed a thin septum in the cyst in 7 cases. All the forma-
tions had clear contours, the partitions did not contrast,
5 patients had one thin partition in their cysts, and 2 pa-
tients had two partitions. In the process of CEUS, the par-
titions did not accumulate contrast, but became clearly
visible. We have assessed this phenomenon as “apparent
false contrasting” All these patients with single septa in
cysts were classified as Bosniak category |l.

Upon the administration of contrast, 3 patients were
found to have a complex cyst with multiple partitions,
uniformly thickened, partially accumulating the contrast
agent. The same result was obtained by CT with contrast
enhancement. In one case, the septum featured a calci-
nate up to 2 mm in size. All 3 patients were assigned to
category lll according to the M. A. Bosniak classification
and assigned rigorous follow-up.

In 5 patients, cysts with thick curved septa and sus-
pected solid components were visualized during a
standard ultrasound examination. Among them, in one
observation, the cyst was found to have an unevenly
thickened capsule up to 3.5 mm in size. We initially con-
sidered the capsule to be a tumor change, but it did not
display contrast in either the arterial or the venous phase.
The patient was observed to have a low-grade fever and
moderate pain in the lumbar region on the left. Due to
the suspicion of inflammatory changes, surgical treat-
ment was performed. Histological examination of the re-

moved tissue did not reveal a tumor. Based on the results
of ultrasound, we initially considered this case as belong-
ing to Bosniak category lll. After a negative histological
report for the presence of a tumor process was received,
the patient was reassigned to category |.

In another observation, a solid formation with a par-
tially thickened capsule was suspected during a standard
ultrasound. CEAS visualized a simple cyst that remained
contrast-negative throughout the study. This case was
considered by us as a simple cyst and classified as | by
Bosniak. The patient was assigned for a follow-up (Fig. 2).

In the other three observations, both with a gray scale
image and with the introduction of contrast, the forma-
tions looked like cystic solid tumors with pronounced
contrast in irregular-shaped partitions and the solid in-
clusions. This group of patients underwent surgery. His-
tological examination of the surgical material led to the
diagnosis of cystic kidney cancer. The patients were clas-
sified to category IV by Bosniak (Fig. 3, 4).

As a result of the study, we obtained the following re-
sults of the patient distribution in accordance with M. A.
Bosniak’s classification: 15 are classified as category |, 7 as
category ll, 3 as category lll, and 3 as category IV (Fig. 1).

As a result of the analysis of the standard mode ultra-
sound findings, 2 out of the 28 patients examined were
suspected of having a cyst with the signs of a complex
one. Thus, the sensitivity of the method was 92.85%. Dur-
ing CEUS, contrasting, including false contrasting, was
registered in 6 patients. Thus, the specificity of the meth-
od was 78,57%, its accuracy 85,71%, positive predictive
value: 81.25%, negative predictive value: 91,66%.
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Puc. 3. KOHTpacTMpoBaHUe CNOXHOM KUCTbl. ApTepuanbHasn ¢asa.
Y nauueHTa co CNOXKHOM KMCTON U neperopogkamu npu mMHorokpatHom KT uccnepoBaHMM BO3HMKao
COMHEHME B NocTaHOBKe cTtaguu no Bosniak. NMpu ncnonb3oBaHMM KOHTPACTHOro npenapara SonoVue
BU3yanu3npyeTCs CJIOXKHAsA KUCTa C TpemMs KOHTpacTUpyeMbiMMU neperopoakamu. Hamu ata cnoxHas
KUcTa Gbl1a pacueHeHa Kak Bosniak IV

Fig. 3. Complex cyst contrast. Arterial phase.
In a patient with a complex cyst and septa, multiple CT scans gave doubts to assigning a Bosniak stage.
When using the SonoVue contrast agent, a complex cyst with three contrasting partitions can be seen. We
classified this complex cyst as Bosniak IV

Puc. 4. KoHTpacTMpoBaH1e onyxosin NOYKMN C KUCTO3HbIM KOMNOHEHTOM. ApTepuanbHas dpasa.
Y nauumeHTa ¢ onyxoJiblo MOYKU AOMNOJIHUTENbHO NpK Y3U ¢ npUMEeHeHMeM KOHTPacTHOro npenaparta BU3y-
annM3npoBaH KUCTO3HbIA KOMMNOHEHT C KOHTPacTUPyeMbIMMU NeperopojKkamMu.

Fig. 4. Kidney tumor with a cystic component contrast. Arterial phase.
In a patient with a kidney tumor, an additional cystic component with contrasting septa can be seen by
using ultrasound with contrasting agent

Conclusion

The results of the study indicate that ultrasound with
contrast enhancement can be performed as an addition-
al method of investigation when obtaining questionable
results or as a diagnostic tool for follow-up of complex
kidney cysts. CEUS allows to identify the kidney cysts
walls, which cannot be visualized with ultrasound in stan-

dard mode. The technique helps to conduct a quick and
effective differential diagnosis between a solid formation
and a usual cyst. According to the accumulation of con-
trast agent in cysts, patients can be put into categories
according to M. A. Bosniak’s classification, and the deci-
sion is then taken whether to perform surgical treatment
or place the patient under dynamic observation.
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