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® The advantages of organ-preserving kidney operations are the improvement of functional results, the reduction in the
number of patients with end-stage chronic renal failure in long-term follow up and related cardiovascular complications
along with overall patients’ quality of life improvement. On the one hand, a dry surgical field is necessary for visualizing the
resection margin and on the other hand, its creation starts the process of acute ischemic damage to the tissue of the oper-
ated kidney. Each minute of kidney ischemia proportionally increases the risk of developing renal failure in the long-term
postoperative period. It is especially important to consider the duration of ischemia during operations on a single kidney,
with bilateral tumor lesions of the kidneys, as well as in the presence of chronic renal failure. After resection of the kidney,
its residual function depends on the preoperative level of glomerular filtration, the amount of parenchyma retained during
surgery, and the duration of renal ischemia. The predicted functional insufficiency of the “healthy” contralateral kidney in
the postoperative period is 18%. The possibility of the chronic renal failure onset or worsening of the existing one due to the
progression of nephrosclerosis reaches almost 80%. The development of chronic renal failure stage III and above in the long
term after renal resection is more than 30%. Thus, there is a need for the development of precision surgery, as well as the
search for anti-ischemic kidney protection, aimed at maintaining the maximum volume of functioning renal parenchyma.

® Keywords: renal cell cancer; kidney resection; anti-ischemic protection; impaired renal function.
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® ITpermyiecTBa OpraHOCOXPAHAIOIIVX ONepaliil Ha ITIOYKAX 3aK/II0YAIOTCA B YIYYIIeHNN (PyHKIVMOHAIBHBIX Pe3y/ib-
TaTOB, YMEHBIIEHN) YJC/IA MALMEHTOB C TePMUHAIbHON XPOHMYECKO) MOYEeYHON HEOCTAaTOYHOCTDbIO B OTHATeHHOM
MIOC/IeOTIepallIOHHOM TIepMofie U CBA3aHHBIX C Hell cepAieyHO-COCYAVICThIX OCTIOKHEHUI 1, KaK CefCTBUe, B TOBBIIIe-
HMM KadecTBa >KU3HU 60/bHBIX. C OJHOI CTOPOHDI, CYXOe ONepaliOHHOe OjIe HeOOXOMMO s BU3yaaM3aluy Kpas
pesexuuy, a ¢ Ipyroil — €ro CosflaHye 3aIyCKaeT MPOLeCC OCTPOrO MIIEMIYECKOTO MOBPEX/EHNA TKaHU OIEePUPYEMOIT
nmoyky. Kaxjas MuHyTa MIIeMUM IPONOPLMOHANbHO MOBBIIIAET PUCK Pa3BUTHUA MOYEYHON HEJOCTaTOYHOCTU B OTAA-
JIEHHOM IIOC/IeOTIepaliioHHOM Itepyofne. Oco6eHHO BaXHO YYUTBIBATh IPOFODKMUTENBHOCTD MIIEMUM MPU OHEPALIVIIX
Ha e[JMHCTBEHHOI! II0UKe, IIPY JBYCTOPOHHEM OITyX0J/IeBOM ITOPa’KeHIM TI0YeK, a TaKKe IIPU Ha/IM4IMM XPOHMYECKOI To-
Ye4HOII HeflocTaTOYHOCTH. [Toc/ie peseKkuny MOYKY ee OCTaTOYHas (QYHKUMA 3aBUCUT OT IIPefOIePalliOHHOIO YPOBHSA
KITy604KOBOII (HYIBTPALINY, KOTMYECTBA COXPAaHEHHO B XOfie Ollepaliyii MapeHXVIMBL U JUIMTEIbHOCTU MIIEMMUI HOYKIL.
[TporHo3upyemast QyHKIMOHAIbHAS HEJOCTATOYHOCTD «3OPOBOI» KOHTpPANaTepaabHON IOYKY B IIOCTIEOEPALVIOHHOM
nepuoge cocrabiAeT 18 %. Bo3MOXXHOCTb pasBUTHA WM yCYTyONeHMA yxKe MMeIoIeiics XpOHMYeCKOl MOYeyHOll He-
JIOCTATOYHOCTH BCIIEACTBME MIpOrpeccupoBanms Heppockaeposa gocturaet moutut 80 %. Puck pa3BUTHUS XPOHUYECKON
movevHoi Hemoctarounocty 111 ctauu u BbIle B OT/Ia/IeHHbIE CPOKM MOC/Ie pe3eKLnu Mouky cocrasisier 6omee 30 %.
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TakuM 06pasoM, pasBUTHE IIPELM3MOHHON XUPYPINY, a TAKXKe MOMCK CPECTB MPOTVBOMUIIEMITYECKO 3alNThl IOYKI
IPEfCTAB/IAIOT BKHYIO 3a/jady, HAIIPAB/ICHHYIO HAa COXPAaHEHMe MAaKCUMATbHOrO 06beMa (pyHKINOHUPYIOLIIEl II0IeTHOI

IIapE€HXVIMBbI.

@ Kntouesvie cn06a: oueIHO-K/IETOYHBIN PaK; pe3eKLysl MOYKY; IIPOTUBOMIIEMIIECKas 3alNTa; HapylieHne QyHK-

UM TI0YEK.

Organ-preserving surgeries for kidney disease
are not without complications such as ischemic
damage and can cause acute or chronic dysfunc-
tion of the organ. According to the literature, the
incidence of postoperative urological complications
(e.g., acute renal failure, urinary fistulas, pyoinflam-
matory processes, renal infarction) reaches 9% de-
pending on the nosology and extent of surgery, even
in patients with elective kidney resection [1, 2].
The predicted functional insufficiency of an intact
contralateral kidney in the postoperative period is
18% [3], whereas the probability of chronic renal
failure due to nephrosclerosis progression is ap-
proximately 80% [4]. The consequent incidence of
chronic renal failure stage III and higher following
kidney resection is more than 30% [5]. Renal func-
tion loss reduces life expectancy, increasing the risk
of cardiovascular diseases and their life-threatening
complications [6-9].

After resection, the residual renal function de-
pends on the preoperative level of glomerular fil-
tration, extent of parenchyma preserved during the
surgery, and duration of renal ischemia during re-
section [10].

In organ-preserving surgery, warm renal ische-
mia (temporary clamping of the renal vessels) is the
main factor that triggers acute ischemic damage to
the kidney [11]. The duration of hemostasis is cru-
cial in surgeries on a solitary kidney, in bilateral
tumor lesions of the kidneys, and in chronic renal
failure [10]. In 2007, Thompson et al. [12] analyzed
the results of a large-scale multicenter study on the
effect of warm ischemia on the function of a solitary
kidney after open organ-preserving surgery for a tu-
mor and concluded that warm ischemia lasting more
than 20 minutes more likely leads to renal dysfunc-
tion. Moreover, a research by Mosoyana et al. (2014)
showed that even with an average period of warm
ischemia of 14.4 minutes, a decrease in renal func-
tion is noted after 24 hours, persisting for at least
1 year [13]. Porpiglia et al. (2012) detected a per-
sistent decrease in the glomerular filtration rate
3 months following warm ischemia of the kidney
without a tendency of further deterioration [14].

Additionally, Thompson et al. (2010) noted a signifi-
cant increase in the probability of acute renal failure
during kidney resection under conditions of warm
ischemia than without it [15]. It has been observed
that every minute of ischemia affects the long-
term functional results of kidney resection [16, 17].
Choi et al. (2012) showed that warm ischemia for
more than 28 minutes 3 months after surgery reduces
the glomerular filtration rate by 22.4% and by 30.6%
after 12 months, whereas when the duration of warm
ischemia is less than 28 minutes, the glomerular fil-
tration rate does not change significantly [17]. In the
study by Petrov et al. (2009), warm ischemia of more
than 15 minutes resulted in ultrastructural damage
to the nephrons and a decrease in glomerular filtra-
tion by 20%-30% [18].

The reversibility of changes occurring during
warm ischemia depends on the severity of circula-
tory disorders in the organ (hypoxia, incomplete
or total ischemia). The decrease in function of the
kidney after prolonged ischemic exposure following
surgery is leveled out in the presence of the contra-
lateral kidney function [19].

The factors influencing the duration of warm isch-
emia and the probability of complications were as-
sessed in studies using the RENAL and PADUA scales,
including renal tumor characteristics such as diam-
eter, proximity to the cavity system, localization (an-
terior/posterior, medial/lateral), and involvement of
the pelvicalyceal system. Using these scales in prepa-
ration for organ-preserving surgery, the time of warm
ischemia can be predicted, as well as the intraoperative
integrity damage of the renal pelvicalyceal system and
amount of blood loss, and to plan the course of resec-
tion. The independent predictors of ischemia of more
than 20 minutes and overall complication rate are the
anatomical characteristics of the tumor as well as the
experience of the surgeon [20, 21].

APPLICATION OF THE COLD ISCHEMIA
METHOD

Cold ischemia of the kidney has been the most
well-known and widely used method for the long-
term protection of the kidney and preservation of
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its functions. The protective effect of the method
involves reducing the intensity of energy processes
by cooling the resected kidney. Anti-ischemic pro-
tection is implemented by perfusion with sterile
cooled solutions through the renal artery or placing
frozen components, such as ice, around the organ.
Cold ischemia is a rather laborious process leading
to general hypothermia of the body; as a result, it has
not received sufficient recognition for the intracor-
poreal resection of the kidney. Hence, it is used for
extracorporeal resection of the kidney followed by
autotransplantation in patients with large, centrally
located neoplasms, when organ-preserving surgery
in situ involves prolonged ischemia and, therefore,
often becomes technically impossible. Extracorpore-
al surgery is complex, laborious, and traumatic with
a high risk of vascular complications, bleeding, and
ureteral necrosis [22-25]. Komyakov et al. (2012)
presented a method of intracorporeal conservation,
namely, cold ischemia during in situ kidney resec-
tion under its complete intracorporeal disconnection
from the blood flow and constant selective perfu-
sion with cooled Custodiol solution [26]. In clinical
practice, this method extends the ischemia time up
to 95 minutes with acceptable postoperative results.
Intracorporeal preservation promotes radical resec-
tion of any complexity with minimal risk of volemic,
metabolic, and hypothermic complications (loss of
renal function) and eliminates the need for organ
autotransplantation, reducing trauma and the dura-
tion of surgery [26].

REDUCTION OF WARM ISCHEMIA
DURATION

In several studies, the average time of warm isch-
emia during open resection of the kidney was found
to be 14-21 minutes and 38 minutes for tumors in a
solitary kidney or large tumors. With laparoscopic
resection of the kidney, the ischemia time ranges
from 27 to 35 minutes, whereas with robot-assisted
surgery, it lasts for 19.7 to 32.1 minutes. Thus, the
renal warm ischemia duration for various reasons
does not always remain safe [27]. Several authors
have investigated ways to reduce the period of organ
ischemia.

The total warm ischemia time can be reduced
through the use of techniques that shorten the time
required to close the kidney defect. For example,
the sliding clip technique can reduce warm isch-
emia to 7 minutes by eliminating additional sutures.

Hem-o-lok clips placed on both ends of the suture
are applied to the surgical defect and are shifted us-
ing manipulators, increasing the tension during su-
turing of the renal parenchyma to achieve reliable
hemostasis and positioning of the parenchyma [28].

Dimitriadi et al. (2014) proposed a method for
reducing the time of warm ischemia during lapa-
roscopic resection of the kidney, which involved
avoiding separate suturing of the opened cavity sys-
tem when hemostatic sutures are applied using the
“sliding clips” technique without the use of addition-
al hemostatic materials. The authors noted that this
method did not increase the risk of urinary fistula
formation [29].

To reduce the period of renal warm ischemia, the
clamp can be removed early, when the renal artery
blood flow is restored after the first row of sutures
is applied to the renal parenchyma with damaged
vessels and elements of the renal collecting system.
This method reduces the time of warm ischemia by
50% and can be applied in minimally invasive sur-
geries [30].

Additionally, reduction of warm ischemia dura-
tion can be achieved through the use of special su-
ture materials, such as V-Loc suture, a monofilament
absorbable suture with self-fixing notches to prevent
eruption of renal parenchymal tissue during final
hemostasis [31].

REDUCTION OF ISCHEMIA AREA

Renal parenchyma ischemization, depending on
its prevalence, can be global in nature (involves the
entire organ when the vascular pedicle is clamped)
or regional (partial). Thus, in temporary hemostasis
during organ-preserving kidney surgery, the extent
of ischemic organ damage can be reduced through
the following techniques:

+ Simultaneous clamping of an artery and a vein
(clamping en bloc);

« Clamping only an artery feeding a tumor or a seg-
ment of a kidney with a tumor (selective clamping of
a segmental vessel);

 Applying vascular clamp on demand;

o Zero ischemia implies methods of an intervention
that do not cause ischemic damage to even a part of
an organ.

Clamping of the entire renal pedicle causes great-
er pathological abnormalities than clamping of the
renal artery alone [32]. Due to the discrepancy bet-
ween the real and the safe time, the concept of zero
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ischemia has been developed in recent years. This
term refers to methods of performing an interven-
tion that do not lead to ischemic damage even to a
part of an organ.

These include the following:

« No-clamping technique;

« The method of selective microdissection of the ter-
tiary and quaternary arteries of the kidney;

« Method of controlled hypotension.

The no-clamping technique involves resection of
the tumor without clamping the renal pedicle at nor-
mal blood pressure. This procedure can be accompa-
nied by a significant, often uncontrolled, volume of
blood loss from the bed of the tumor removed; how-
ever, it maximizes the number of functioning neph-
rons. Due to the risk of bleeding, the no-clamping
technique is used to a limited extent, only for resec-
tion of small tumors with predominantly extrarenal
growth [13, 33].

In protecting the kidney from ischemic organ
damage during resection, selective dissection and
clipping of the third- or fourth-order arteries feed-
ing the tumor is the most technically difficult meth-
od. The anatomical prerequisite is the radial blood
supply to the kidney and, accordingly, the segmental
structure. In the kidney, five segments are usually
distinguished, each of which is supplied with blood
by a separate branch of the renal artery: superior,
inferior, antero-superior, antero-inferior, and poste-
rior. This enables the removal of the pathologically
abnormal part of the kidney without disrupting the
organ function as a whole while preserving the re-
maining functioning parenchyma. Gill et al. (2012)
described 15 cases of robotic-assisted and 43 cases
of laparoscopic resection of the kidney under zero
ischemia without clamping the renal pedicle by mi-
crodissecting the renal arteries of the third or higher
order feeding the tumor and applying bulldog clamps
on them with positive postoperative results [34].

Superselective embolization of the renal arteries
feeding the tumor, performed prior to kidney re-
section, avoids intraoperative clamping of the renal
vessels and increases the safety of laparoscopic in-
tervention. Simone et al. (2011) described a 7-year
experience of laparoscopic kidney resection under
zero ischemia by transarterial tumor emboliza-
tion with positive results and suggested using the
technique for tumors with mean values of nephro-
metry [31]. According to Alyaev et al. (2016), this
technique has a number of advantages; it prevents

warm ischemia of the normal renal parenchyma,
which could subsequently negatively affect its func-
tion; enables to perform resection in cases of com-
plex vascular anatomy, when mobilization of the re-
nal artery, moreover segmental vessels, is technically
difficult or impossible; leads to a decrease in intra-
operative blood loss, which has a positive effect on
the general course of the postoperative period; and
promotes the expansion of indications for the use of
superselective embolization in laparoscopic surger-
ies. Moreover, the authors note that the disadvantage
of the method was the decreased visual differentia-
tion between tumor and intact tissue during resec-
tion along the demarcation line [32].

Controlled hypotension, a method when system-
ic blood pressure is reduced to 65 mmHg, enables
kidney resection without clamping the renal vessels
with the minimum possible hemorrhage. Gill et al.
(2012) described good results in 12 cases of laparo-
scopic and 3 cases of robotic-assisted kidney resec-
tion for small tumors (1-4 cm in diameter) without
clamping the vascular pedicle with pharmacological
hypotension up to 60 mmHg within 1-5 minutes.
However, with such low blood pressure values, es-
pecially in cases of pneumoperitoneum, filtration in
the renal glomeruli is severely impaired and vital ox-
ygen-dependent organs (i.e., heart, brain) may suf-
fer. Therefore, several authors consider this method
unsafe.

Martin et al. (2012) compared the total, selective,
and non-arterial clamping techniques during lapa-
roscopic and robotic-assisted kidney resection and
obtained comparable medium-term results of selec-
tive clamping of the renal arteries and performing
the procedure without ischemia [35].

Local compression of the renal parenchyma at
the site of resection presents another possibility of
a “dry” surgical field in organ-preserving kidney
surgery without clamping the renal vessels. In open
surgeries, this can be finger compression or the use
of a clamp on the kidney parenchyma. The literature
describes various modifications of clamps used for
selective clamping of the renal parenchyma in open
(Reniclamp, DeBakey) and laparoscopic (Simon,
Aesculap) and robotic-assisted (Semenov - Moso-
yan, Al-Shukri-Mosoyan, and Korosta - Mosoyan)
surgeries [13, 36-39]. Indications for parenchy-
mal compression during kidney resection are small
(up to 3 cm) tumors of the upper or lower pole at
stage T1 or larger extrarenal tumors and a high risk
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of postoperative acute renal failure. Studies have
shown that resection of the kidney under conditions
of selective ischemia with clamping the parenchyma
is an alternative to clamping the renal pedicle and
avoids intraoperative bleeding. The disadvantage of
this method is it can only be applied for the resec-
tion of the renal poles.

In addition, flexible structures belong to me-
chanical instruments for intraoperative compres-
sion of the renal parenchyma. In 1995, Gill et al.
proposed the use of a special tourniquet, a double
loop put on the kidney parenchyma, which provided
compression and exsanguination of the organ pole.
Furthermore, Loran et al. (2013) proposed the use
of preventive sutures around the tumor along its en-
tire diameter, about 1 cm from its margin, which are
then tied over the parenchyma [40]. After suturing,
the kidney with the tumor is resected within the des-
ignated circumference. Once hemostasis is reached,
the tumor bed is sutured, most often with the use
of a kind of gasket. Previous provisional sutures are
used for suturing the renal parenchyma in the area
of the tumor bed. These sutures are captured into the
suture, preventing eruption. The technique reduces
the intensity of bleeding during resection, the risk
of tissue eruption when suturing the tumor bed, the
duration of the surgery during hemostasis, and the
probability of clamping the renal artery [40]. More-
over, when tumors are polarized, the Endoloop can
be used to compress the renal parenchyma [41].

Various techniques can be combined to improve
long-term functional results during kidney resec-
tion. For example, some authors propose selective
microdissection and clamping of the artery feeding
the tumor, in combination with pharmacological hy-
potension [42]. Nosov et al. (2016) performed lapa-
roscopic kidney resection under zero ischemia and
without hemostatic suture in 70 patients with posi-
tive postoperative results; the volume of the func-
tioning parenchyma of the resected kidney decreased
only by the volume of the tumor removed [43].
The authors revealed that to prevent bleeding and
seal the pyelocaliceal system, only electrohemostasis
with local adhesive compositions is sufficient [43].

CONTROL OVER THE RESECTION
MARGIN

Radical removal of the kidney tumor during or-
gan-preserving surgery is determined by the absence
of a positive margin in the resection area. On the one

hand, control over the edge of the resection zone en-
sures a long-term relapse-free course of the disease;
on the other hand, it allows the parenchyma and, ac-
cordingly, renal function to be maximally intact by
the oncological process. For oncological control, an
express biopsy of the resected area of the removed
tumor bed is used. However, this assessment can-
not be considered accurate owing to the times that
it is not possible to visualize clearly the tumor tis-
sue at the resection margin; that is, the specimen
for biopsy from different parts of the resection area
is taken not taken from a targeted part, but from a
random area. Consequently, a false-negative result
is possible. In addition, morphological examina-
tion takes a long time, which increases the period of
ischemia and can lead to serious renal function im-
pairment [44]. The use of intraoperative ultrasound,
including the marking of the resection margin with
sonocontrast needles, determines more accurately
the tumor boundaries. Additionally, this enables the
preservation of a healthy kidney parenchyma with-
out affecting the number of early complications and
specific and relapse-free survival rate. Owing to this
variant of the control of the resection margin, the
indications were expanded for organ-preserving
treatment of patients with renal cell carcinoma with
tumors larger than 7 cm and those with tumors of
“inconvenient” localizations [45].

Fluorescence diagnostics (primary and second-
ary) of malignant neoplasms belongs to modern
methods of controlling the resection margin. The
method is based on the use of photosensitizers (e.g.,
various derivatives of porphyrin and related mac-
rocycles), which, when exposed to light of a certain
wavelength, become excited and initiate physico-
chemical processes accompanied by luminescence
and tumor destruction. Autofluorescence diagnos-
tics (primary) implies the determination of differ-
ences in intensity and spectral composition of intrin-
sic fluorescence of healthy and tumor tissue without
the use of photosensitizers; since tissues with in-
creased proliferative ability (neoplastic, embryonic,
and regenerative) accumulate more porphyrins, the
intensity of their luminescence will be higher. Se-
condary fluorescence diagnostics includes the use of
photosensitizers that are tropic to cancer cells, with
the possibility of detecting them by the characteris-
tic fluorescence of exogenous or endogenous fluoro-
chromes. The bright fluorescence of fluorochromes,
accumulating selectively in the tissue of a malignant
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neoplasm, enables to distinguish objects reaching
the size of a fraction of a millimeter. Fluorescence
diagnostics is non-invasive and does not affect the
dynamics of various biological processes in tissues.
Due to the instant processing of optical analysis data,
the resection volume can be immediately adjusted
according to the information obtained, the surgical
site after surgery can be evaluated, and, if a residual
tumor is detected, an urgent biopsy from a specific
area can be performed. Through the method, the
biochemical changes in tissues can be detected dur-
ing the transformation of normal cells into dysplas-
tic and malignant ones (which occur before struc-
tural rearrangements), micro-foci of neoplasms and
micrometastases (including multiple ones), invisible
under normal light. Studies show that fluorescence
diagnostics is a highly effective method in assess-
ing the radicality of surgical intervention, the use of
which reduces the risk of local recurrence of the dis-
ease and lengthens the relapse-free period [46, 47].
Preoperative virtual planning is a crucial stage in
preparation for organ-preserving surgery, as it en-
ables the prediction of the characteristics of the sur-
gery and its difficult and dangerous stages and an-
ticipated possible complications. Augmented reality
technology for intraoperative navigation based on
preoperative 3D modeling of the area of surgical in-
terest by combining a computer model and an image
of a real organ during video endoscopic surgery pro-
vides critical information about the spatial structure
of the organ, localization of the pathological process,
and select segmental vessel for warm ischemia [48].

CONCLUSION

Organ-preserving kidney surgery improves func-
tional results and reduces the number of patients
with end-stage chronic kidney disease and associated
cardiovascular complications. This is especially ben-
eficial in patients with an anatomically or function-
ally solitary kidney as it can significantly improve
their quality of life. Currently, the development of a
precision surgery is warranted, as well as the further
improvement of anti-ischemic protection methods
for the kidney, aimed at maintaining the maximum
volume of the functioning renal parenchyma.
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