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Abstract. Background. Currently, kidney cancer is considered one of the most common oncological pa-
thologies, accounting for 2-3 % of all cancers. In 2018, the tofal number of primary renal cell carcinoma
patients in Ukraine was 4,805 cases, with 1,878 patients dying from this disease. Surgical freatment is the
only way for 68 % of patients with localized kidney cancer. The main question remains unanswered — an
effective surgical treatment of patients with localized renal cell carcinoma. Our aim was to study the kid-
ney function parameters in localized kidney cancer after retroperitoneoscopic resection with preopera-
tive selective embolization compared to standard kidney resection using thermal ischemia. Materials and
methods. Data of 65 patients with localized kidney cancer who underwent nephron-sparing surgery were
analyzed. They were divided intfo two groups. The first one included 40 people with localized kidney cancer
who underwent standard organ-sparing surgery with duration of thermal ischemia of less than 20 minutes.
The second group consisted of 25 patients with localized kidney cancer who underwent computed to-
mography with renal vessels reconstruction in the preoperative stage. Branch of the renal artery that feeds
the area of the kidney with the fumor was identified. As a next step, selective embolization was performed.
Retroperiftoneoscopic resection was carried out the next day with fluorescence imaging in the infrared
light using indocyanine green. Resulfs. Analysis of the data shows that renal function after surgery for local
cancer in case of retfroperitoneoscopic resection with preoperative selective embolization of renal vessels
is more functionally suitable compared fo kidney resection using thermal ischemia. Conclusions. Our data
suggest that superselective X-ray vascular embolization and infraoperative indocyanine green fluores-
cence in the surgical tfreatment of localized kidney cancer has significant advantages over the standard
method of surgical tfreatment.

Keywords: localized kidney cancer, refroperitoneoscopic kidney resection, indocyanine green; superse-
lective embolization, functional postoperative results; nephron-sparing surgery

Introduction

Renal cell carcinoma over the past two decades has had
an annual the incidence in incidence both in Europe and

was 4,805, with 1,878 patients dying from this disease
(3, 4].
Preservation of renal function is one of the main tasks in

worldwide, which is 2—3 % among all malignancies. The in-
cidence among men is 1.5 times higher than among women.
The peak incidence occurs at the age of 60—70 years [1, 2].
Number of patients undergoing surgery for kidney tu-
mors is increasing every year. If in the 1980s their num-
ber was 0.21 per 100 thousand, then in 2002 — 1.6, and in
2012 — 2.1 per 100 thousand population. In 2018, the total
number of primary renal cell carcinoma patients in Ukraine

the treatment of kidney tumors. In addition, most of these
patients, who are planned for surgical treatment, are the el-
derly, many of them already at the stage of cancer diagnosis
have preclinical stages of chronic kidney disease (CKD) due
to existing comorbidities (diabetes, systemic atherosclero-
sis, hypertension, chronic urinary tract infections, etc.).
According to the definition of the National Kidney
Foundation, CKD is characterized by a decrease in glome-
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rular filtration rate (GFR) of less than 60 ml/min/1.73 m?
for 90 days or more with the presence or absence of signs
of kidney damage, long-term albuminuria with or without
a decrease in GFR [5]. Based on the analysis of many re-
cent studies, it becomes clear that chronic kidney disease
is epidemiologically much more common than previously
thought [6, 7]. Today, GFR assessment to determine CKD
has demonstrated a much higher prevalence of this patho-
logy among the elderly.

According to the medical program “Medicare”, the in-
cidence of CKD in the United States of America in 2006
was 6.4 % (CKD was mainly diagnosed based on serum cre-
atinine level only). This index was significantly lower than
the actual incidence of 44.2 %, obtained in the NHANES
study, which studied GFR in the population from 1999 to
2006 [8].

Significant prevalence of chronic kidney disease in the
population of other countries has been demonstrated by se-
veral large studies [5, 9—11]. CKD is usually asymptomatic
before the development of late stages. In most cases, CKD
is detected before the onset of renal failure symptoms, when
effective prevention of the adverse effects on the health and
life of a patient often becomes extremely difficult [12].

Quite often, it is difficult to reliably assess the function
of the kidney in the presence of a satisfactorily functioning
contralateral one. The study of R.H. Thompson, I. Frank,
C.M. Lohse et al. (2007) included 537 patients with a single
kidney who underwent nephron-sparing surgery for tumor
lesions. Patients were divided into three groups: the first
one — resection of the kidney without ischemia; the second
one — resection of the kidney with thermal ischemia; pa-
tients from the third group underwent resection of the kid-
ney with cold ischemia.

Warm and cold ischemia have been associated with a sig-
nificant risk of developing acute and chronic renal failure
compared to patients who did not undergo ischemia [13].
Detection of patients with CKD and prevention of disease
progression becomes extremely important in the treatment
of renal tumors. At the same time, awareness of the increa-
sing prevalence of CKD and its severe consequences heral-
ded the beginning of a new era of treatment focused on the
maximum possible preservation of renal function in patients
undergoing resection for malignant neoplasms.

The purpose was to study the kidney function para-
meters in patients with localized kidney cancer after retro-
peritoneoscopic resection with preoperative selective em-
bolization compared with standard kidney resection using
thermal ischemia.

Materials and methods

Data of 65 patients with localized kidney cancer who
underwent nephron-sparing surgery were analyzed. They
were divided into two groups. The first one — 40 people with
localized kidney cancer who underwent standard organ-
sparing surgery with thermal ischemia duration of less than
20 minutes. The second group — 25 patients with localized
kidney cancer who underwent computed tomography (CT)
with renal vessels reconstruction in the preoperative stage.
Branch of the renal artery that feeds the area of the kidney

affected with the tumor was identified. As a next step, selec-
tive embolization was performed. Retroperitoneoscopic re-
section was performed the next day with fluorescence ima-
ging in infrared light using indocyanine green (ICG).

Age of patients ranged from 21 to 82 (median of 67.0)
years, mean age was 58.3 * 8.1 years, the incidence was peak
in the age category of 50—69 years — 40 patients (61.53 %).
Primary tumor evaluation was based on clinical examina-
tion, ultrasound and CT. Stage of the disease was detected
after surgery.

Analysis of the disease stages in our studies showed that
23 (35.38 %) patients with local kidney cancer had pri-
mary stage 1 (T1aNOMO), 9 (13.85 %) — T1bNOMO, 33
(50.77 %) — stage 11 (T2aNOMO).

In all cases, the diagnosis was confirmed morphological-
ly. Functional state of the kidneys was studied in all patients
before surgery and after treatment (1, 6 and 12 months after
surgery). Tests included serum creatinine and urea, mea-
surement of glomerular filtration rate, urinary albumin ex-
cretion, renal ultrasound, CT of the retroperitoneal organs
with intravenous contrast or magnetic resonance imaging of
the kidneys.

Data analysis was performed using statistical software
(Statistica 10). To calculate probability, we used Fisher’s
exact test, Student’s t-test, non-parametric tests, including
Mann-Whitney, and Kruskal-Wallis. The significance level
p < 0.05 was chosen at the beginning of the experiment.
Metrological evaluation performed to all measuring instru-
ments.

Results

As mentioned above, all patients with localized renal cell
carcinoma of the kidney underwent resection. Mean opera-
tive time was 88 (68—123) minutes. Intraoperative blood
loss averaged 150 (50—750) milliliters. Complications were
analyzed using Clavien-Dindo scale. No complications
were reported during surgery. During postoperative period,
4 (6.15 %) complications grade I—II were registered. Com-
plications did not affect postoperative renal function. At the
preoperative stage, the following methods were used to study
renal function (Table 1).

The data obtained from instrumental studies 1 month
after surgery in both groups showed the presence of approxi-
mately 45 % of subclinical signs of postoperative inflamma-
tory processes in the operated kidney. Also, in the first group
with radioisotope renography and CT with intravenous con-
trast, 16 (35.5 %) patients had a violation of perfusion of
the operated organ. In our opinion, this is due to hemostatic
sutures involving an unreasonably large number of healthy
functionally active parenchyma.

Laboratory data showed a clinically significant decrease
in renal function in a group of patients who underwent
thermal intraoperative ischemia during kidney resection
(Table 2).

It can be assumed that the influence on the development
of renal dysfunction in the group of patients who under-
went thermal ischemia during kidney resection was due to
the greater volume of the removed parenchyma of the ope-
rated kidney. According to our data, in 23 of 45 (51.1 %)
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patients, the average absolute volume of the operated kid-
ney decreased from 284 to 240 cm. Approximately 2/3 of
it was the tumor, and 1/3 was the functionally active renal
parenchyma. In the group where preoperative selective em-
bolization with fluorescence imaging was used, a more tis-
sue sparing removal of a healthy renal parenchyma was mor-
phologically proven. In 18 of 20 (90 %) patients, the average
absolute volume of the operated kidney decreased from 293
to 270 cm, 18 % were occupied by a functionally active renal
parenchyma.

According to instrumental methods of research, urinary
disorders were not revealed in both groups 6 and 12 months
after surgery (Table 3).

Discussion

Our data suggest that use of superselective X-ray vascu-
lar embolization and intraoperative ICG fluorescence ima-
ging in the surgical treatment of localized kidney cancer has
significant advantages over the standard method of surgical
treatment.

As Pietro Diana et al. showed in a multicenter study
(2020), ICG is a reliable tool for guiding the surgeon stra-
tegy during partial nephrectomy. ICG may help in proce-
dure tailoring, especially in cases with challenging vascula-
rization or impaired renal function.

We see the prospects for further study and implementa-
tion of the proposed algorithm for examination and treat-
ment of patients with this pathology.

Conclusions

Analysis of the data shows that renal function after sur-
gery for local cancer in case of retroperitoneoscopic resec-
tion with preoperative selective embolization of renal vessels
is more functionally suitable compared to kidney resection
using thermal ischemia.

Most clinically significant changes of renal function
were observed in the first group one month after the sur-
gery (kidney resection with thermal ischemia). Patients
had an increase in serum creatinine, urea by an average
of 20 %, deteriorating GFR, more frequent albuminuria,
which in some cases required additional medical correc-
tion.

In the second group, we did not register any clinically
significant renal dysfunction at all. At the same time, it
should be noted that after 6 and 12 months of follow-up,
in both groups renal function was approximately similar.

Our data confirms that the proposed method of retro-
peritoneoscopic resection with preoperative vascular em-
bolization and intraoperative ICG fluorescence imaging is
preferable in patients with localized kidney cancer.

Table 1. The results of studying renal function in patients with local kidney cancer before surgery

. Group | Group Il

Indicators (n = 40) (n = 25)
Serum creatinine, pmol/L 74.5 (65—144) 78.5 (58—121)
Serum urea, mmol/L 6.45 (4.2-8.7) 7.05 (5.1-9.0)

GFR (Cockcroft-Gault formula),
ml/min/1.73 m?

88.5 (65-118)

86.5 (59-110)

Urinary albumin excretion

2 (4.4 %)

1(4 %)

Notes: here and in Tables 2, 3: data were expressed as median (95% confidence interval); differences between

groups are reliable, p < 0.05.

Table 2. The results of studying renal function in patients with local kidney cancer one month after surgery

. Group | Group Il
Indicators (n = 40) (n = 25)
Serum creatinine, pmol/L 98.9 (87-164) 81.3 (81-118)
Serum urea, mmol/L 7.9 (5.2-9.6) 7.4 (5.4-9.7)
GFR (Cockcroft-Gault formula),
mi/min/1.73 m2 64.1 (49-90) 84.9 (54-112)
Urinary albumin excretion 13 (28.8 %) 4 (16 %)

Table 3. The results of studying renal function in patients with local kidney cancer 6 and 12 months after surgery

Group I (n = 40)

Group Il (n = 25)

Indicators 6 months after | 12 months after | 6 months after | 12 months after
surgery surgery surgery surgery
Serum creatinine, pmol/L 86.8 (64—155) 89.9 (68—-137) 81.3 (60-118) 80.9 (56-119)
Serum urea, mmol/L 7.1 (5.2-7.6) 7.7 (5.3-8.3) 6.4 (5.0-6.9) 7.04 (5.4-7.9)

GFR (Cockcroft-Gault formula),
ml/min/1.73 m?

74.2 (56-101)

74.8 (51-104)

84.9 (58-112)

85.9 (62—109)

Urinary albumin excretion

3 (6.66 %)

1(2.22 %)

1 (4 %)

0
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PeuertHsik C.

XQPKIBCbKMK HALIOHOABHUA MEANYHV YHIBEPCUTET, M. XQPKIB, YKDQIHQ

PeTponeputoHeoCKoNiYHA pe3eKLis 3 NnepeAonepaLiiHOI0 CEAEKTUBHOIO eMBoAisauieto
Ta GAYOPECLLEHTHOIO Bi3yOAI3ALEIO CYAMH 3 iIHAOLLIOHIHOM 3€@A€HUM NPU PAKY HUPKU

Pe3tome. Akryanbhicts. ChOrofHi pak HUPKHM BBAaXKA€TbCS Ol
HI€I0 3 HAUTTOIIUPEHIINX OHKOJIOTIYHUX TaTosoriii (2—3 % ycix
OHKOJIOTIYHMX 3axBopioBaHb). ¥ 2018 polwi 3aranbHa KiJIbKiCTb
XBOPUX Ha MEPBUHHY HUPKOBOKJIITMHHY KapLUMHOMY B YKpaiHi
cra”oBuiIa 4805 Bunaaxis, 1878 maiieHTiB moMepiu Bijl L€l XBO-
pobu. XipypriuHe JTiKyBaHHS € €VMHUM IITSIXOM Y 68 % BUIaIKiB
JIOKaJIi30BaHOTO PaKy HUPKU. 3aIMIIAETHCS 0€3 BiAIOBIii TOJIOBHE
MUTaHHSI — e(beKTUBHE XipypriyHe JiKyBaHHSI XBOPHX i3 JTOKaJli30-
BaHOIO HUPKOBOKJIITUHHOIO KaplIMHOMOI0. MeTa: BUBUMTH Tapa-
MeTpH (PYHKIIii HUPOK Yy TIAIIEHTIB i3 JIOKaJIi30BaHUM PaKOM HMP-
KM TICJIST pEeTPOIePUTOHEOCKOITIYHOI pe3eKllil 3 mepeaonepalii-
HOIO CEJIKTUBHOIO eMO0O0JTi3alli€l0 MOPiBHSIHO 31 CTAHAAPTHOIO pe-
3€KIli€I0 HUPKX 3 BUKOPUCTAaHHSIM TE€PMiuHOI ileMii. MaTepiaam
Ta Meroau. [IpoaHarizoBaHO JaHi 65 XBOpUX Ha JIOKaTi30BaHM
paK HUPKHU, SIKUM BUKOHAHO HedpoH3Gepiraiouy omepario. Ix
po3aiauiu Ha aABi rpynu. Jlo nepiuoi yiiuim 40 oci6 3 okaizo-
BaHUM PaKOM HUPKH, sIKi TIEpeHECN CTaHIapTHY opraHo30epira-
FOUy OTeparlito 3 TPUBAIICTIO TEPMiYHOI itiemii MeHIire 20 XBUJINH.
Jpyry rpyIy CTaHOBWIM 25 XBOPMX Ha JIOKAJIi30BaHUM paK HUPKH,
SIKUM Ha JoolepaliifHoMy eTarii BAKOHAHO KOMIT IOTEPHY TOMO-

rpadiro 3 PeKOHCTPYKIIiIEI0 HUPKOBUX CyauH. lmeHTH(]ikoBaHO
TIJIKy HUPKOBOI apTepil, 110 XUBUTh TUITHKY HUPKH 3 TIyXJIMHOO.
Hacrtynmaum kpokoM Oyjia ceJleKTMBHa eMOouizanis. HactymHoro
JTHST TIPOBOJIMIIM PETPOIIEPUTOHEOCKOIIYHY pe3eKliilo 3 (ryopec-
LIEHTHOIO Bi3yaslizalli€lo B iH(pauepBOHOMY CBITJIi 3 BAKOPUCTAH-
HSM iHJOIiaHiHy 3esieHoro. Pe3yabratu. AHasti3 oTpUMaHUX [a-
HUX TTOKA3Ye, M0 (PYHKILisSt HUPKU TTiCTIst ONIepaTUBHOTO BTPYYaHHS
3 MPUBOJIY JIOKAJIBHOIO paKky IMpu peTporepUTOHEOCKOMiuHill pe-
3eKllii 3 mepeaonepaniiiHo CeJIeKTMBHOIO eMOO0JIi3allielo HUPKO-
BUX CYIWH € OUTBII CIIPOMOXKHOIO TTOPiBHSTHO 3 PE3EKITiEI0 HUPKHU
3 BUKOPUCTAHHSIM TepMidHO] imeMii. BucHoBku. OTprMaHi HaMu
JIaHi CBiYaTh Mpo Te, 1110 CyNepceeKTUBHA PEHTTeHIBCbKa eM0O0-
Jlizallist CyIvH Ta iHTpaorepailiiiHa bJyopeclieHTHa Biyastizallist 3
iHIOLiaHIHOM 3€JIEHUM TIPU XipypriuHOMY JIiKyBaHHI JIOKali30Ba-
HOTO paKy HUPKU Ma€ 3HauHi MepeBaru nepeji CTaHIapTHUM METO-
JIOM XipypriqyHOro JIiKyBaHHSI.

KirouoBi cjioBa: okanizoBanmii pak HUPKU; PETPOIIEPUTOHEO-
CKOTIIYHA pe3eKIlis HUPKU; iHIOIIiaHiH 3eJIEHUI; CyTIepCeIeKTUB-
Ha emOodi3alisi; (YHKIIOHAIBHI TicasionepalliifHi pe3ybraTu;
HedpoH30epiratoui oneparii
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