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SUMMARY

An important stage of the nephron-sparing surgery for the treatment of kidney tumors is the temporary creation of thermal
ischemia, which can lead to a further decrease in kidney function, therefore this stage needs to be optimized. The aim of
our work was to investigate the benefits of using segmental ischemia using intraoperative indocyanine green (ICG)
navigation for kidney resection in patients with kidney tumors. The prospective study included 73 patients diagnosed with
a kidney tumor who underwent partial nephrectomy (PN). Patients were divided into three groups, according to the use
of the thermal ischemia method: total ischemia by clamping the main renal artery (n=33), segmental ischemia by clamping
the segmental artery with the use of ICG navigation (n=26), and without it (n=16). Demographic, physiological, and
perioperative data were analyzed for all patients. Before and on the fourth day after surgery, the glomerular filtration rate
was evaluated according to the level of blood creatinine — eGFR (calculated glomerular filtration rate (eGFR). Multiple
linear regression was used to model the effect of variables on change in eGFR. The data testify to the significant index difference
in eGFR level change on the fourth postoperative day in the groups of total and segmental ischemia in favor of the latter
(p=0.001). A decrease in eGRF was associated with the length of hospital stay (p=0.021). The data stratification in tumor size
showed that it is the most important factor defining eGFR level change during total or segmental ischemia application. Renal
tumor localization influences eGFR level change during the postoperative period for a maximum diameter of <40 mm tumors.
However, for >40 mm diameter tumors, the statistically significant index of eGFR deviation was not found. At the same time,
in the patient group with >40 mm tumors, there was a notable difference in eGFR deviation among the groups of total and
segmental ischemia (about 15 mL/min/1.73 m?). In the early postoperative period (up to 4 days) after partial nephrectomy using
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selective warm ischemia, less pronounced eGFR deviations are observed compared to total warm ischemia. Tumor size and its
localization are the risk factors for eGFR level decline in the early postoperative period. We did not find any statistically
significant differences in intra- and early postoperative indexes for groups II and III patients where segmental ischemia was
applied either with indocyanine green fluorescence imaging or without it.

PE®EPAT
IlepeBarn cenekTHBHOI imemii 3 iHIONMAHIH 3esIeHOI0 (UIyOpPeCHEHTHOI HAaBiramielo nmpu pesexkuii HUPKH:
nonepenni pesyabratu. Monuano P.M., N'onuapyk O.0., Baoce O.B. Y Hedponsbepiratouiil Xipyprii JiKyBaHHS
MYXJIMH HUPOK BaKIMBHM €TalloM oOIlepamlii € THMYacoBe CTBOPEHHS TEIUIOBOI imieMii, sika MOXKe IIPU3BECTH IO
NOAAJBLIOTO 3HWKeHHS yHKLIT HUPKH, y 3B'3KY 3 UMM JiaHuii etan notpedye ontumizauii. Meroro Hamioi pobotu Oyio
JOCIHI/DKEHHST TepeBar 3acTOCYBaHHS CErMEHTapHOI imeMii 3 BUKOPHUCTaHHSIM IHTpaonepauiiHoi Hairamii 3
innouianinom 3enenum (I1[3) s pe3exuii HUPKHM y MALI€HTIB 13 MyX/IMHAMU HHUPKU. [0 IPOCHIEKTUBHOTO JOCIIIKEHHS
OyJi0 BKIIIOYEHO 73 Mali€HTH 3 JIarHO30M IyXJIMHH HUPKH, SIKUM BHKOHAHO OIEpaTUBHE BTPY4aHHS B 00Cs31 pe3ekuil
nupku. Ilanientn Oynu po3noaiieHi Ha 3 TPyNH, 3TiHO 3 BUKOPUCTaHHIM METOJy TEIIOBOI iIIeMii: ToTabHa imeMis
LIJISIXOM IIEPETUCKaHH OCHOBHOI HUPKOBOI apTepii (n=33), cerMeHTapHa ilemis HMIIIXOM IEePETUCKAHHS CerMEHTapHO1
aprepii 3 Bukopuctanuam 113 Hagirarii (n=26) Ta 6e3 Hei (n=16). 1151 BCixX MamieHTiB MPOBEISHO aHalli3 [eMorpadidHuX,
¢izionoriyHUX Ta mepionepamniifaux qanux. J{o i Ha 4eTBepTy M00Y MiCiIs OIEPAaTHBHOTO BTPYUYAHHS MIPOBOIWIN OLIHKY
IIBUAKOCTI KiTyOodkoBoi (inpTpamii 3a piBHeM kpeatuHiHy KpoBi — pLIIK® (po3paxoBaHa MBHAKICTh KIIyOOYKOBOL
¢inbTpauii (eGFR). lnst MmonentoBanHs BIUIMBY BHBYEHUX mapamerpis 3miHy plIIK® BukopucroByBanacs MHOXHHHA
niHiiHA perpecisa. OTpuMaHi JaHi CBiAYaTh PO BIPOTiIHY PI3HHUIO MOKa3HUKIB 3MiHM piBHS pLLIK® Ha gerBepTy 100y
micyst onepaii B rpynax TOTaJIbHOI Ta cerMEHTapHoOI inemii Ha kopucTh ocTanHbol (p=0,001). 3ukenns pLLIK® Gyno
NOB's13aHe 3 TpUBAIIICTIO NepeOyBanHs B JikapHi (p=0,021). Crparudikaiis 1aHUX 3a pO3MipOM MYXJIMHHU TT0Ka3aja, o
e € BOKIMBUM (akTopoMm, 110 Bu3Havae 3MiHy piBHs pLIIK® npu 3acrocyBaHHi TOTanbHOI a0 cerMeHTapHOI imeMii.
Jlokamizamist IMyXJIMHA HHUPKM BIUIMBaE Ha 3MiHy piBHA pLUK® y micnsonepaniiiHoMy mnepioni uii HyXJWH 3
MakCUMaJIbHUM jiamerpoM <40 MMm. OpHak Uit myxXiuH AiamMeTpoM >40 MM CTaTHCTHYHO 3HAYYIIOTO ITOKa3HUKA
BigxwieHHs plIIK® e BusiBneno. Bognouac y rpyni namieHTiB i3 myxnuHaMu >40 MM criocTepiranacs oMiTHa pi3HHULS
y Bimxmwiaenni CK® cepen rpym ToTanbHOi Ta cerMeHTapHOI imemii (Gmmsbko 15 mi/xe/1,73 M?). Y paHHBEOMY
micisoneparifaomy mepiomi (mo 4 mi®) micms pesekmii HUPKH i3 BHKOPHUCTAHHSAM CEJIEKTUBHOI TEIDIOBOI imremii
CIIOCTEpIraroThesl MeHII BupakeHi BimxmieHHs plLIIK® mopiBHAHO 3 TOTAIBHOIO TEIUIOBOIO imemiero. Po3Mip myximmHU
Ta ii Jokamizamig € pakropamu pu3uky 3HIKeHHs piBHA LIIK® y panapoMy micisonepaniinomy nepioai. He Bussneno
JKOJHHUX CTATUCTUYHO 3HAYYIIMX BiAMIHHOCTEH IHTpa- Ta paHHIX HicisonepaliifHuX Moka3HuKiB y marieHTiB II Ta III
TPy, y SKAX 3aCTOCOBYBajacs CETMEHTapHa ieMis Sk 3 BukopuctanusaM 113 nasirarmii Tax i 6e3 Hei.
INTRODUCTION the stage of T3 (12). According to EAU and NCCN

recommendations, the general survival rate of patients

Renal cell carcinoma (RCC) accounts for
approximately 3% of global cancer diagnoses and is
the cause of 2% of all cancer deaths (Quencer, 2021).
The development of modern medical imaging me-
thods allows for much earlier diagnosis of renal
tumors. Some are benign or indolent tumors, which
often do not need surgery treatment (Roussel et al.,
2022), while RCC accounts for 85% of all kidney
tumors (Pallagani et al., 2021). Among renal masses
being accidentally detected during examination using
modern imaging methods, up to 70% of RCC is
diagnosed at the stage of T1, which significantly redu-
ces deaths caused by this disease (Saad et al., 2019).

The opportunity to diagnose renal tumors at the
early stage of their development significantly impacts
its treatment strategy. Active use of partial ne-
phrectomy [PN] as an alternative to radical one began
after the results publication of several retrospective
and one prospective research by Van Poppel et al.
(2011) showing no cancer-specific survival dif-
ferences between PN for the patients at the stage of
T1-2 (Kim et al., 2012) and for renal masses <7 sm at

suffering from renal mass at the stage of ¢/p T1 after PN
does not differ from the survival rate after radical one.
In this regard, the PN is recommended as the primary
surgical treatment method for patients at the stage of T1
(Ljungberg et al., 2022; Motzer et al., 2022).

The advantage of nephron-sparing surgery is the
decline of renal failure risk development and con-
sequently reducing cardio-vascular and metabolic di-
seases. It reduces general mortality and improves long-
term kidney function compared to radical nephrectomy
(Daugherty et al., 2014; Weight et al., 2010).

PN implementation deals with the necessity of
bleeding control during surgery. The traditional
method implies renal artery clamping during re-
section. However, it may result in ischemia-reper-
fusion nephron injury, which is essential for a post-
surgery acute renal failure during the early post-
operative recovery phase or for a long-term chronic
renal failure (Thompson et al., 2010; Xu et al., 2020).
An alternative method of renal bleeding control is
segmental ischemia, which implies the dissection and
clamping of a renal artery that directly supplies the
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tumor itself or tumor-bearing kidney segment. While
normal blood circulation is spared in the rest of the
parenchyma, segmental renal artery clamping does
not cause a considerable deviation in general kidney
function (Gill et al., 2011; Lee et al., 2018). An alter-
native surgery variant when parenchymal ischemia is
avoided is the ‘off clamp’ method which does not
provide for the renal artery clamping. It leads to much
less eGFR deviation than total warm kidney ischemia
(Trehan, 2014).

The main problem of segmental renal artery
clamping during resection is the necessity of renal
artery segmental branch dissection that depends on
individual anatomical peculiarities. The existence of
additional renal arteries or early division of the main
renal artery considerably simplifies segmental ische-
mia implementation. A deeper level of renal artery
branching turns the process of segmental ischemia
implementation into a rather complicated stage of
surgery. In such cases, it is necessary to use methods
that improve the process of identification and precise
renal artery segmental branch separation. Among such
methods, it is important to mention the dual-source
computed tomography angiography that can be used
during laparoscopic surgery (Shao et al., 2012).

Indocyanine green fluorescence imaging is
one prospective method that helps effectively
evaluate renal blood circulation during surgery. This
method, combined with the laparoscopic technique,
enables the control of real-time renal blood circu-
lation and the ischemia zone during the renal artery
and its branches clamping, simplifying PN imple-
mentation (Lee et al., 2018). So far, quite a little
experience has been gained in indocyanine green
imaging application during PN, and it needs further
evaluation, development, and improvement.

The aim of the research was to investigate the
advantages of segmental ischemia with intraoperative
indocyanine green imaging in patients with kidney
tumors.

MATERIALS AND METHODS

From 2018 till 2021 the prospective study
included 73 patients with renal tumor diagnoses
confirmed by CT scan with IV contrast data. All the
patients were subjected to partial nephrectomy. The
patients were divided into three groups based on the
warm ischemia method application. Group #1
included 33 patients who were applied full ischemia
with the main renal artery clamping. Group #2 and
Group #3 included 24 and 16 patients, respectively
who were applied segmental ischemia with segmental
renal artery clamping using ICG navigation and
without using it (respectively). The basis for dividing
the patients into groups was renal blood circulation
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peculiarities that allowed for segmental ischemia
application. In 2 patients, a transition from segmental
to full warm ischemia was applied because of intense
bleeding from the tumor bed.

All the patients were subjected to transpe-
ritoneal (laparoscopic) partial nephrectomy. The
surgery was performed under general anesthesia. The
patients were laid in a 45°angle position depending
on the tumor side. The ports were located according
to the laparoscopic nephrectomy standard position.
After renal vessel dissection, the tumor-bearing
segment of kidney was developed.

In case the tumor had intraparenchymal growth
pattern its location was identified with the help of
ultrasound scanning using the intraabdominal linear
probe (7 MHz) inserted through the lower port. After the
renal capsule dissection on the tumor border zone, the
standard technique of renal artery clamping was used.
Enucleoresection was applied within limits of the tumor
capsule zone, leaving 1-2 mm of normal parenchymal
area. In the process of tumor removal, intraparenchymal
vessels were controlled by clipping (Absolock, Ethi-
con). After running suture application on the
parenchyma in the tumor removal bed area, the clamps
were removed from the arteries. The second row of
stitches was used for the ultimate parenchyma suture.

The demographic information data of all the
patients was collected as well as the severity of illness
according to the Charlson comorbidity scale and ASA
score. All the patients were subjected to a preope-
rational CT with IV contrast to specify tumor locali-
zation and size. The complexity of the tumor process
was defined by the tumor size evaluation and by its
localization in accordance with R.E.N.A.L. clas-
sification (Kutikov et al., 2009). Before the surgery
and on the 4th postoperative day, the glomerular
filtration rate estimation by the level of blood
creatinine —eGFR (estimated Glomerular Filtration
Rate) with MDRD formula (Modification of Diet in
Renal Disease Study) was assessed (Borrego et al.,
2020). The evaluation of the tumor characteristics
was implemented following the routine procedure of
the postoperative pathohistological study.

Descriptive statistics were calculated for all
clinical characteristics. Continuous variables were
summarized as medians (interquartile range) and
categorical variables as frequencies (percentage).
Multiple linear regression was used to model the
effect of variables on change in eGFR. Two-sided p-
values are reported for all statistical tests. Statistical
analysis was performed using R version 3.5.1.

RESULTS AND DISCUSSION

The results of demographic, physiological, and
perioperative data analysis are presented in Table 1.
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Group I Group 11 I'pyna 111
. . (segmental (segmental
Index (full ischemia) . . . . p-value
(n=33) ischemia ICG) ischemia)
(n=24) (n=16)

Age 54.5 [45.5;64.3] 59 [50.8;64.8] 58 [46.3;62] 0.545
(years)
Gender
Female 19 (53%) 10 (42%) 6 (37%) 0.547
Male 17 (47%) 14 (58%) 10 (63%)
BMI 27.8 [25.2;31] 27.7 [24.9;29.5] 27.3[26;29.3] 0.828
ASA score
1 0 (0%) 1 (4.2%) 0 (0%)
2 25 (69.4%) 12 (50%) 8 (50%) 0.258
3 11 (30.6%) 11 (45.8%) 8 (50%)
Charlson comorbidity index 2 [2;4] 412.8;5] 2[0.8;4.3] 0.164
Baseline eGFR 72.3 [62.7;92.6] 79.5 [59;88] 78.8 74.6;84.5] 0.583
(mL/min/1,73 m?)
Largest.tumour.size, mm 41 [33;53.3] 37[27.8;51.8] 31.5[23;55] 0.674
Tumor localization
Intrarenal 10 (28%) 8 (33%) 4 (25%) 0.846
Extrarenal 26 (72%) 16 (67%) 12 (75%)
Anterior 19 (53%) 9 (38%) 8 (50%) 0.196
Posterior 12 (33%) 5 (20%) 5(31%)
Lateral 5 (14%) 10 (42%) 3 (19%)
Complexity of tumor
localization
Light 11 (31%) 9 (38%) 7 (44%) 0.919
Medium 19 (53%) 12 (50%) 7 (44%)
Complex 6 (16%) 3 (12%) 2 (12%)
Operative time (min) 150.5 [140;180] 170 [145;200.5] 145[114;180] 0.563
Length of hospital stay (days) 5[5-6] 5 [5-6] 5[5-7] 0.706
Histology
Benign 5 (14%) 9 (38%) 8 (50%) 0.06
Malignant 31 (86%) 15 (62%) 8 (50%)

The median age of the patients was 54.5
[45.5;64.3], 59[50.8;64.8] and 58[46.3;62] in
Groups I, IT and I1I, respectively, ranging from 25 to
73. The BMI and Charlson Comorbidity Index were
27.8 [25.2;31], 27.7 [24.9;29.5], 27.3 [26;29.3], and
2 [2;4], 4[2.8;5] and 2 [0.8;4.3], respectively. The

maximum diameter of tumor according to CT scan data
was 41 [33;53.3], 37 [27.8;51.8] and 31.5 [23;55] mm.
For group division by the complexity of tumor
localization R.E.N.A.L index was used classifying
the tumor of 4-6 index as light, the one of 7-9 index
as medium and the one of 10-12 as complex. Among
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the tumors the medium one prevailed 19 (53%),
12 (50%), 7 (44%), while light (31%); 9 (38%),
7 (44%) and complex 6 (16%), 3 (12%), 2 (12%)
occurred more seldom respectively. At the same
time the tumors of mostly extrarenal localization
26 (72%); 16 (67%), 12 (75%) and of anterior one
19 (53%); 9 (38%), 8 (50%) dominated. Baseline
eGFR made 72.3[62.7;92.6], 79.5[59;88] and
78.8 [74.6;84.5] mL/min/1,73 m? in groups 1, 2 and
3 respectively.

The average operative time was 150.5 [140;180]
and 170 [145;200.5], 145 [114;180] min. The median
time of ischemia in group [ was 19 [15.5-22] minutes,
IT —22.5 [15-25], III — 20 [16-22]. The blood loss in
group I was 238 [150-500], IT — 180 [100-500], IIT —
195 [116-425].

TABLE 2. Factors influencing eGFR

urologiya.dmu.edu.ua

In groups I and II, the malignant tumors pre-
vailed — in 31 (86%) and 15 (62%) cases, respecti-
vely, while in group III both malignant and benign
tumors were equally observed (8 incidents, 50%).

The statistical analysis found no statistically
significant differences in demographic, physiolo-
gical, and perioperative data among the groups under
consideration (p>0.05).

Since one of the main purposes of selective
renal ischemia application is the prevention of renal
function reduction due to parenchymal ischemia, we
used the multiple linear regression for modeling the
characteristic influence on eGFR change, the results
of which are presented in Table 2.

Estimate Std. Error Pr(>|z|) 95% CI
Age at diagnosis -0.166 0.197 0.403 -0.561 to 0.228
Gender Male vs Female -4.027 4.265 0.349 -12.568 to 4.514
BMI -0.12 0.486 0.806 -1.093 to 0.854
ASA score -6.928 4.583 0.136 -16.106 to 2.25
Charlson.Comorbidity.Index 0.096 1.216 0.937 -2.338 to 2.53
Baseline.eGFR -0.425 0.12 0.001 -0.665 to -0.184
Largest tumour size -0.003 0.12 0.98 -0.244 to 0.238
Intrarenal vs extrarenal -9.318 5.055 0.07 -19.442 to 0.805
Tumour site Posterior vs Anterior -6.278 4.237 0.144 -14.763 to 2.207
Tumour site Lateral vs Anterior 4.057 5.044 0.425 -6.044 to 14.158
Renal degree -5.006 3.899 0.204 -12.815 to 2.802
Operative time 0.008 0.022 0.716 -0.036 to 0.052
Length of hospital stay -3.752 1.587 0.021 -6.93 to -0.574
Benign vs malignant -1.901 5.172 0.715 -12.258 to 8.456
Warm ischemia time Partial vs Full 6.218 4.282 0.152 -2.357 to 14.793

The given data testify to the significant index
difference in eGFR level change on the fourth
postoperative day in the groups of total and segmental
ischemia in favor of the latter. A decrease in eGRF
was associated with the length of hospital stay.
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TABLE 3. Factors influencing eGFR (tumor size <40 mm, n=39)

Estimate Std. Error Pr(>|z|) 95% CI
Age at diagnosis -0.164 0.302 0.593 -0.788 to 0.46
Gender Male vs Female -1.732 6.881 0.803 -15.933 to 12.469
BMI 0.524 0.842 0.54 -1.214 to 2.261
ASA score -2.154 7.814 0.785 -18.281 to 13.973
Charlson Comorbidity Index 1.833 1.515 0.238 -1.294 to 4.96
Baseline eGFR -0.242 0.156 0.135 -0.565 to 0.081
Intrarenal vs extrarenal -7.559 6.274 0.24 -20.508 to 5.391
Tumour site Posterior vs Anterior -15.853 5.643 0.01 -27.498 to -4.207
Tumour site Lateral vs Anterior -8.831 8.245 0.295 -25.847 to 8.186
Renal degree 4.27 4.83 0.385 -5.699 to 14.239
Operative time -0.016 0.024 0.508 -0.067 to 0.034
Length of hospital stay -2.804 2.228 0.22 -7.403 to 1.795
Benign vs malignant -2.564 6.362 0.69 -15.695 to 10.567
Warm ischemia time Partial vs Full 3.182 6.267 0.616 -9.752 to 16.116

According to the received data, renal tumor
localization influences eGFR level change during
the postoperative period for a maximum diameter
of <40 mm tumors. However, for >40 mm diameter
tumors, the statistically significant index of eGFR
deviation was not found. At the same time, in the
patient group with >40 mm tumors, there was a
notable difference in eGFR deviation among the
groups of total and segmental ischemia (about
15 mL/min/1.73 m?). Moreover, judging by the
confidence interval, the statistical significance was
not identified only because of the insufficient
number of patients.

Analogical trends were found in the subgroup
analysis when comparing the patients of total
ischemia application only with the patients of
segmental ICG one. Thus, the eGFR deviation dif-
ference was also large (about 12 mL/min/1.73 m?),
but not statistically significant (p=0.202).

An important parameter defining the treatment
strategy of patients with renal tumors is the tumor size
and its localization. It is known that many acci-
dentally found tumors of small size are benign or

indolent, which often do not need surgical treatment.
For these tumors, a tactic of active surveillance can
be used (Roussel et al., 2022). Malignant tumor size
growth increases the risk of tumor invasion and
metastasis. It is supposed that the most important sign
of malignancy is the size of a tumor. Due to this, renal
tumors are usually divided into two categories:
maximum diameter of less and more than 4 cm
(Ballard et al., 2022). According to Asghar et al.
(2021), benign tumors or tumors with low malignant
potential are detected in 1 out of 8 patients with renal
tumors of >4 cm diameter. In the case of benign
tumor growth, there is a possibility of its influence on
renal function capacity or the risk of complications of
the tumor itself, like, for example, angiomyolipoma
spontaneous rupture (Vaggers et al., 2021).

The results about tumor size and localization
influence on the postoperative eGFR level
reduction correspond with Carbonara et al. (2021)
data. Based on retrospective analysis of 1019
robotic-assisted PN they established prolonged
warm ischemia time results in higher frequency of
postoperative complications, more pronounced
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eGFR level decline at the time of discharge from
hospital and during future follow up in patients
with >2 cm tumors and high R.E.N.A.L index.

urologiya.dmu.edu.ua

According to AUA, active surveillance is recom-
mended for patients with renal masses of <2 cm
diameter (Campbell et al., 2021).

TABLE 4. Factors influencing eGFR (tumor size >=40 mm, n=34)

Estimate  Std. Error Pr(>|z|) 95% CI
Age at diagnosis 0.149 0.355 0.679 -0.594 to 0.893
Gender Male vs Female -9.485 8.234 0.264 -26.719 to 7.75
BMI -0.247 0.765 0.751 -1.848 to 1.355
ASA.Score -9.179 9.259 0.334 -28.56 to 10.201
Charlson Comorbidity Index -2.926 2.784 0.307 -8.753 to 2.902
Baseline eGFR -0.558 0.204 0.013 -0.986 to -0.13
Intrarenal vs extrarenal -12.735 9.526 0.197 -32.674 to 7.204
Tumour.site Posterior vs Anterior 1.478 7.98 0.855 -15.223 to 18.18
Tumour.site Lateral vs Anterior 10.342 6.943 0.153 -4.191 to 24.874
Renal degree -11.811 7.289 0.122 -27.068 to 3.445
Operative time -0.003 0.092 0.97 -0.195 to 0.188
Length of hospital stay -2.306 2.874 0.432 -8.322 to 3.71
Benign vs malignant 5.774 12.259 0.643 -19.884 to 31.432
Warm ischemia time Partial vs Full 15.143 7.779 0.067 -1.138 to 31.424

In accordance with our data, a significant in-
fluence of total ischemia compared with segmental one
on eGFR level decline in the postoperative period is
observed in >4 cm tumors. The received data cor-
respond with the general tendency identified by
Xu et al. (2020) in the meta-analysis of publications data
about the advantages of segmental ischemia application.
They found that the application of either selective or
total ischemia depends on tumor size and localization as
well as on methods of surgical treatment.

CONCLUSIONS

In the early postoperative period (up to
4 days) after partial nephrectomy using selective

warm ischemia, less pronounced eGFR deviations
are observed compared to total warm ischemia.
Tumor size and its localization are the risk factors
for eGFR level decline in the early postoperative
period. We did not find any statistically significant
differences in intra- and early postoperative indexes
for groups II and III patients where segmental
ischemia was applied either with indocyanine green
fluorescence imaging or without it.

CONFLICT OF INTEREST

The authors declared that there is no conflict
of interest.

REFERENCES

Asghar, A. M., Mclntosh, A. G., Smith, Z. L., Ko-
cher, N. J., Lee, Z., Barashi, N. N., ... Kuti-
kov, A. (2021). Pathological characteristics of

108

the large renal mass: potential implication for
clinical role of renal biopsy. Can J Urol, 28(2),
10620-10624.



OHKOYPOJIOI'TA

Ballard, B. D., & Guzman, N. (2022). Renal Mass. In
StatPearls. Treasure Island (FL).

Borrego Utiel, F. J., Ramirez Navarro, A. M., Este-
ban de la Rosa, R., & Bravo Soto, J. A. (2020).
Comparison of MDRD and the old CKD-EPI
equations with the new CKD-EPI equations in
kidney transplant patients when glomerular
filtration rate is measured with 51Cr-EDTA.
Nefrologia (Engl Ed), 40(1), 53-64.
https://doi.org/10.1016/j.nefro.2019.07.006

Campbell, S. C., Uzzo, R. G,, Karam, J. A.,
Chang, S. S., Clark, P. E., & Souter, L. (2021).
Renal Mass and Localized Renal Cancer:
Evaluation, Management, and Follow-up: AUA
Guideline: Part II. J Urol, 206(2), 209-218.
https://doi.org/10.1097/JU.0000000000001912

Carbonara, U., Simone, G., Minervini, A., Sunda-
ram, C. P., Larcher, A., Lee, J., ... Autorino, R.
(2021). Robotic-assisted Partial Nephrectomy for
"Very Small" (<2 cm) Renal Mass: Results of a
Multicenter Contemporary Cohort. Eur Urol
Focus, 7(5), 1115-1120.
https://doi.org/10.1016/j.euf.2020.10.001

Daugherty, M., & Bratslavsky, G. (2014). Compared
with radical nephrectomy, nephron-sparing
surgery offers a long-term survival advantage in
patients between the ages of 20 and 44 years with
renal cell carcinomas (</=4 cm): an analysis of the
SEER database. Urol Oncol, 32(5), 549-554.
https://doi.org/10.1016/j.urolonc.2013.11.009

Gill, I. S., Eisenberg, M. S., Aron, M., Berger, A.,
Ukimura, O., Patil, M. B., ... Desai, M. M. (2011).
"Zero ischemia" partial nephrectomy: novel
laparoscopic and robotic technique. FEur
Urol, 59(1), 128-134.
https://doi.org/10.1016/j.eururo.2010.10.002

Kim, S. P., Murad, M. H., Thompson, R. H.,
Boorjian, S. A., Weight, C.J., Han,L.C., ..
Leibovich, B. C. (2012). Comparative Effective-
ness for Survival and Renal Function of Partial
and Radical Nephrectomy for Localized Renal
Tumors: A Systematic Review and Meta-Ana-
lysis. J Urol.
https://doi.org/10.1016/.juro.2012.10.026

Kutikov, A., & Uzzo, R. G. (2009). The R.E.N.A.L.
nephrometry score: a comprehensive stan-
dardized system for quantitating renal tumor
size, location and depth. J Urol, 182(3), 844-
853. https://doi.org/10.1016/j.juro.2009.05.035

Lee, H.J., Chen, K., Molchanov, R., Schwen-
tner, C., & Sim, A. S. P. (2018). Feasibility of
utilizing near-infrared fluorescence imaging
with indocyanine green for super-selective
arterial clamping in pure laparoscopic partial

nephrectomy. Int J Urol, 25(4), 382-383.
https://doi.org/10.1111/iju.13525

Li, P., Qin, C., Cao, Q., Li, J.,, Lv, Q., Meng, X., ...
Shao, P. (2016). A retrospective analysis of lapa-
roscopic partial nephrectomy with segmental renal
artery clamping and factors that predict post-
operative renal function. BJU Int, 118(4), 610-
617. https://doi.org/10.1111/bju.13541

Liu, S., Feng, C., Liu, C., & Wang, Z. (2021). Com-
parison of prognosis between patients undergoing
radical nephrectomy versus partial nephrectomy
for renal cell carcinoma </=7 cm T3aN0/xMO:
Survival benefit is biased toward partial ne-
phrectomy. Cancer Med, 10(24), 8909-8923.
https://doi.org/10.1002/cam4.4412

Ljungberg, B., Albiges, L., Abu-Ghanem, Y., Bedke, J.,
Capitanio, U., Dabestani, S., ... Bex, A. (2022).
European Association of Urology Guidelines on
Renal Cell Carcinoma: The 2022 Update. Eur Urol.
82(3), e88.
https://doi.org/10.1016/j.eururo.2022.03.006

Motzer, R. J., Jonasch, E., Agarwal, N., Alva, A.,
Baine, M., Beckermann, K., ... Motter, A. (2022).
Kidney Cancer, Version 3.2022, NCCN Clinical
Practice Guidelines in Oncology. J Nat/ Compr
Canc Netw, 20(1), 71-90.
https://doi.org/10.6004/jnccn.2022.0001

Pallagani, L., Choudhary, G. R., Himanshu, P., Mad-
duri, V. K. S., Singh, M., Gupta, P., ... Sanjeev, M.
(2021). Epidemiology and Clinicopathological
Profile of Renal Cell Carcinoma: A Review from
Tertiary Care Referral Centre. J Kidney Cancer
VHL, 8(1), 1-6.
https://doi.org/10.15586/jkcvhl.v8il.154

Quencer, K. B. (2021). Renal Mass Biopsy. Tech
Vasc Interv Radiol, 24(4), 100774.
https://doi.org/10.1016/.tvir.2021.100774

Roussel, E., Capitanio, U., Kutikov, A., Ooster-
wijk, E., Pedrosa, 1., Rowe, S. P., & Gorin, M. A.
(2022). Novel Imaging Methods for Renal Mass
Characterization: A Collaborative Review. Eur
Urol, 81(5), 476-488.
https://doi.org/10.1016/j.eururo.2022.01.040

Saad, A. M., Gad, M. M., Al-Husseini, M. J., Ruhban,
I. A., Sonbol, M. B., & Ho, T. H. (2019). Trends
in Renal-Cell Carcinoma Incidence and Mortality
in the United States in the Last 2 Decades: A
SEER-Based Study. Clin Genitourin Cancer,
17(1), 46-57 e45.
https://doi.org/10.1016/].clgc.2018.10.002

Shao, P., Tang, L., Li, P., Xu, Y., Qin, C., Cao, Q., ...
Yin, C. (2012). Precise segmental renal artery clam-
ping under the guidance of dual-source computed
tomography angiography during laparoscopic partial

109



YPOINOI'A
UROLOGIYA
2022.T.26, Ne 2

nephrectomy. FEur Urol, 62(6), 1001-1008.
https://doi.org/10.1016/j.eururo.2012.05.056

Thompson, R. H., Lane, B. R., Lohse, C. M., Leibo-
vich, B. C., Fergany, A., Frank, [, Camp-
bell, S. C. (2010). Every minute counts when
the renal hilum is clamped during partial ne-
phrectomy. Eur Urol, 58(3), 340-345.
https://doi.org/10.1016/j.eururo.2010.05.047

Trehan, A. (2014). Comparison of off-clamp partial
nephrectomy and on-clamp partial nephrectomy: a
systematic review and meta-analysis. Urol Int,
93(2), 125-134.
https://doi.org/10.1159/000362799

Vaggers, S., Rice, P., Somani, B. K., Veeratterapillay,
R., & Rai, B. P. (2021). Evidence-based protocol-
led management of renal angiomyolipoma: A
review of literature. Turk J Urol, 47(Supp. 1), S9-
S18. https://doi.org/10.5152/tud.2020.20343

Van Poppel, H., Da Pozzo, L., Albrecht, W., Mat-
veev, V., Bono, A., Borkowski, A., ... Sylvester, R.

110

urologiya.dmu.edu.ua

(2011). A prospective, randomised EORTC inter-
group phase 3 study comparing the oncologic
outcome of elective nephron-sparing surgery and
radical nephrectomy for low-stage renal cell
carcinoma. Eur Urol, 59(4), 543-552.
https://doi.org/10.1016/j.eururo.2010.12.013

Weight, C. J., Larson, B. T., Fergany, A. F., Gao, T.,
Lane, B. R., Campbell, S. C., . . . Novick, A. C.
(2010). Nephrectomy induced chronic renal insuf-
ficiency is associated with increased risk of
cardiovascular death and death from any cause in
patients with localized c¢T1b renal masses. J Urol,
183(4), 1317-1323.
https://doi.org/10.1016/j.juro.2009.12.030

Xu, J., Xu, S., Yao, B., Xu,R., Xu,Y., Sun, F., ...
Shi, H. (2020). Segmental artery clamping versus
main renal artery clamping in nephron-sparing
surgery: updated meta-analysis. World J Surg
Oncol, 18(1), 210.
https://doi.org/10.1186/s12957-020-01990-w



