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The method of extracorporeal resection of the kidney
in conditions of pharmaco-cold ischemia in kidney
cancer with orthotopic renal replantation

Irina V. Miroshkina, Tatyana P. Baytman, Polotbek Zholboldu,
Vardan A. Oganyan, Alina A. Chevina, Vlada Yu. Raguzina, Anton D. Simonov,
Alexey V. Chzhao, Alexander A. Pranovich

A.V. Vishnevsky National Medical Research Center for Surgery, Moscow, Russia

BACKGROUND: Increasing the effectiveness of the treatment of patients with kidney cancer is one of the main problems of
oncourology. That is why much importance is attached to the development of new surgical technologies.

AIM: The aim of the study was to evaluate the results of extracorporeal kidney resection in conditions of pharmaco-cold
ischemia with orthotopic renal replantation in kidney cancer patients. Our study is aimed at assessing the results of extracor-
poreal resection of the kidney under pharmaco-cold ischemia with orthotopic replantation of renal vessels in patients with
kidney cancer.

MATERIALS AND METHODS: 44 patients [70.5% (n = 31) — men and 29.5% (n = 13) — women] with kidney cancer were
recruited in this study. All patients were treated between 2012 and 2021. The mean age of patients was 55.92 + 12.6 years.
The stage was determined using the TNM system: pT1a-3bNOMO-1 G1-3. 75% (n = 33) of patients had stage pT1a—1b;
11.4% (n = 5) — pT2a-2b, one patient was present with multiple lesions; 13.6% (n = 6) — pT3a-3b, one patient had up to 15 le-
sions in a single kidney. Two previously operated patients had cancer of a single kidney with intraluminal invasion. The mean
R.E.N.A.L nephrometric score was 10.32 + 1.34.

RESULTS: The duration of the surgery was 402.07 + 83.21 minutes. The duration of cold ischemia was 149.9 + 53.1 minutes.
Blood loss — 751.1 + 633.6 ml. Renal vascular replacement was performed in 13 patients. Postoperative complications >Il de-
gree according to Clavien—Dindo were detected in 36.6% (16) patients. There was only one lethal outcome due to mes-
enteric thrombosis at day 4. Disease progressed in 6.8% (n = 3) of cases. The GFR level before surgery was on average
72.3 £ 16.8 ml/ (min - 1.73 m?), in the early postoperative period — 58.7 + 28.3 ml / (min - 1.73 m?), 1 year after surgery —
69.4 + 26.2 ml/ (min - 1.73 m?). The follow-up period ranged from 8 to 86 months (on average 58.7 + 19.1 months). Five-year
overall survival in these patients is 91%, and cancer-specific survival is 93%.

CONCLUSIONS: This technique is effective in patients with multiple foci, centrally located and large tumors, for hard-to-
reach localizations, as well as in patients with the impossibility of intracorporeal pharmaco-cold ischemia, peculiarities of
organ blood supply.
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MeTop aKcTpakopnopanbHOi pe3eKuuu
C OPTOTOMMYECKOMN penniaHTauMuen NoYKU B YCOBUAX
¢apMaKoxo0/1040BOM ULLIEMUU NMPU PaKe MOYKM

1.B. MupowkwuHa, T.11. batMman, M. }onbonay, B.A. OransH, A.A. YesuHa, B.10. Pary3uHa,
A.[. CumoHos, A.B. Yxao, A.A. lpaHoBuy

HauuoHanbHbIN MeaVLIMHCKMIA MCCeLoBaTeNbCKUI LEHTP Xupyprum uMenn A.B. BuwuHesckoro, Mocksa, Poccus

AxkmyaneHocme. ToBbiLLeHe 3DHEKTUBHOCTY NeyeHns 60/bHBIX PakoM NOYKM — OfHA M3 OCHOBHBIX MPOBIeM OHKOYPONOTUN.
B ee peLueHu bonbluoe 3HayYeHMe npuaaeTca pa3paboTke HOBbIX XMPYPIUYECKUX TEXHONOMWN.

Llens uccnedosaHus — oLeHKa pe3ynbTaToB IKCTPAKOPMOpabHOM Pe3eKUMM NMOYKM B YCNOBUSX (hapMaKoXoiof0Boi ULLe-
MWM C OPTOTONMYECKON pennaHTaumen y 60MIbHbIX paKoM MOYKM.

Mamepuanel u Memodel. B vccnefoBaHve BKIOYEHbI 44 naumMeHTa ¢ pakoM Mouku, cpeayn Hux 31 Myxuuma (70,5 %),
13 xeHwmH (29,5 %). Bce naumeHTsl npoxoaunu nevenue B nepuog, ¢ 2012 no 2021 r. CpeaHuin BO3pacT MaLMEHTOB COCTaBUN
55,92 + 12,6 ropa. Crapmposanme no cucteme TNM: pT1a — 3bNOMO-1 G1-3. Cragua pT1a—1b amarHoctvpoBaHa y 75 % (33)
BonbHbIX; pT2a-2b — y 11,4 % (5), y oaHOro nauueHTa 0bHapyKeHbl MHOXeCTBeHHbIe 06pa3oBaHms; pT3a—3b —y 13,6 % (6),
Y O[IHOM MauUMeHTKY BbiSBNEHO A0 15 0bpa3oBaHuii B eJMHCTBEHHON NOYKE; [ABOE ONEPUPOBaHHbIX DOMBHBIX UMENM paK efuH-
CTBEHHO/ MOYKM C UHTPaNKOMUHaNbHOM MHBa3suen. CpenHuid 6ann HedpoMeTpuyeckoro nHaekca R.EN.A.LL. — 10,32 + 1,34

Pesynemamel. [nutenbHocTb onepaTvBHOrO BMeLlaTenbcTBa coctasuna 402,07 + 83,21 MuH. MpofomKuTeNnbHOCTb Xo1o-
noson mwemmn — 149,9 + 53,1 muH. Kposonoteps — 751,1 + 633,6 mn. lpoTe3vpoBaHMe MOYEYHBIX COCYLOB BbIMOSHEHO
y 13 bosbHbIX. [MocneonepaumoHHble ocioxHeHus Boilwe | ctenenu no knaccugmkaumm Clavien — Dindo BoisieieHs! y 16 (36,6 %)
naumeHToB. JleTanbHblii Ucxod, Bbin 04MH, 00YCNOBNEHHbIV Me3eHTepUabHbIM TPOMOO30M Ha 4-e CyTKW mocnie ornepauyu.
MporpeccvpoBaHye 3aboneBaHns umeno Mecto B 3 (6,8 %) cnydasx. YpoBeHb CKOpPOCTM KITybOUKOBOI (ubTpaLmMmn 4o onepaLu
cocTaBnan B cpeaHem 72,3 + 16,8 Mn/(MuH - 1,73 M?), B paHHeM nocrneonepaLmoHHoM nepuofe — 58,7 + 28,3 Mi/(MuH - 1,73 M2),
yepes 1 roa nocne onepaum — 69,4 + 26,2 mn/(Mux - 1,73 M2). Cpoku HabniofieHna coctaBuim ot 8 10 86 Mec. (B cpeaHeMm
58,7 £ 19,1 mec.). MNatuneTHss 0bLLan BbXKMBAEMOCTb Y 3TUX NaumeHToB — 91 %, a KaHuepcneumdmyeckas — 93 %.

Bbigodbl. [laHHas MeToAMKa BbINOMHAETCS NPU MHOXECTBEHHbIX 04arax, LieHTPanbHO PacnonoXeHHbIX, U onyxonsx 6omb-
LUMX pa3MepoB, Ans TPYAHOAOCTYMHBIX JIOKaNM3aLmii, a TakKe Y 60IbHbIX C HEBO3MOXKHOCTBHO MPOBELEHNS MHTPAKOPMOpabHOM
(hapMaKoXxo100B0M MLLEMUM 1 0COBEHHOCTAMM KpOBOCHAOXEeHWs opraHa.

KnioueBblie c/10Ba: MOYEYHO-KNIETOYHBIN PaK; xosi040Bad ULEMUA; pe3eKLMA NOYKK; HECIJPBKTOMVIFI.
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INTRODUCTION

The incidence of kidney tumors has been increasing
over the past decades [1]. Approximately 610,000 ma-
lignant tumors are newly diagnosed annually in Russia.
These include renal cell carcinoma, which ranks tenth,
which is 4.0% of all malignant neoplasms in the Russian
Federation [2].

Surgical treatment methods always bear certain risks
and adverse effects. With kidney resection (KR), the over-
all incidence of adverse outcomes can reach 25% [3, 4].
The most common complications after KR are hemor-
rhage (1.2%-4.5%), urinary fistulas (17%), and acute re-
nal failure (25%) [5].

Currently, despite the widespread introduction of new
chemotherapy drugs and the development of targeted and
immune therapies, surgery remains the only effective
method of treating patients with malignant neoplasms of
the kidney [6-8].

Radical nephrectomy (NE) has been the gold standard
of treatment for renal cell carcinoma for many years.
KR was used as the method of choice in bilateral tu-
mor lesions, with a solitary kidney or one functional
kidney. The improvement of modern diagnostic methods
has increased the number of cases detected of the dis-
ease at an early stage of the tumor process. In some
cases, when in situ kidney resection is not possible
(such as multiple tumors and centrally located tumors),
extracorporeal KR (ECKR) is performed with orthotop-
ic or heterotopic autografting of the resected kidney
[9-11].

In this regard, there is a need to study actively the
possibilities of using contemporary technologies in re-
nal cell carcinoma surgery. To preserve renal function
in patients with obligate indications for organ-sparing
treatment, with multiple foci, large tumors, and localiza-
tions difficult to resect, a technique for ECKR under cold
pharmacological ischemia with its subsequent autograf-
ting has been developed [12-14].

MATERIALS AND METHODS

From 2012 to 2021 in the Department of Oncourol-
ogy of the A.V. Vishnevsky National Medical Research
Center of the Ministry of Health of Russia, 44 patients
with morphologically confirmed renal cell carcinoma
(stages pT1a-T 3vNOMO-1G1-3) with intraparenchymal
and central localizations of the tumor were treated. Pa-
tients underwent ECKR using pharmaco-cold ischemia
with Custodiol solution without transection of the ureter,
followed by orthotopic autografting.

Among the patients, 70.5% (31) were men and
29.5% (13) were women, and their average age was
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55.9 + 12.6 years. The ratio of damage to the left and
right kidneys was comparable, with 22 cases each.

The stage of the tumor process was determined based
on the TNM classification [15]. Stage pT1a was diagnosed
in 22 (50%) patients; pT1b was detected in 11 (25%) pa-
tients, in which two patients had multiple lesions; pT2a
was registered in 4 (9%) patients, in which one patient
had multiple lesions; pT2b was identified in 1 (2.4%) pa-
tient; pT3a was diagnosed in 4 (9.1%) patients, in which
one patient had up to 15 lesions in a solitary kidney; and
T3b was registered in 2 (4.5%) patients; both patients had
renal cell carcinoma of a solitary kidney with intralumi-
nal invasion. Table 1 presents the distribution of patients
depending on the disease stage.

The tumor size and localization were assessed pre-
operatively based on the data from magnetic resonance
imaging, computed tomography, and ultrasound exami-
nation of the abdominal organs. The average tumor size
was 48.83 + 21.7 mm in the axial plane, 42.15 + 18.6 mm
in the sagittal plane, and 41.9 + 27.21 mm in the coronary
plane.

To assess the functional state of the kidneys, se-
rum creatinine and urea levels were measured, and the
glomerular filtration rate (GFR) was estimated using
the Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) equation [16].

The RENAL nephrometric scale was used to assess
the complexity of the upcoming surgical intervention and
predict possible complications. On this scale, the aver-
age score of the nephrometric index was 10.32 + 1.34.
According to the RENAL scale, the average score was
2.1 £ 0.73 for the (R)adius of the tumor (maximum ra-
dius), 2.7 + 0.5 for the (E)xophytic/endophytic location
of the tumor, 2.7 + 0.5 for the (N)earness of the tumor
to the kidney-collecting system or hilum (proximity to
the pelvicalyceal system, in millimeters), and 2.6 + 0.6
for the (L)ocation of the tumor (position of the tumor
relative to the polar lines). Given the above, most of the
surgical interventions performed are high complexity
surgeries.

Simultaneously, thrombectomy was performed with
the resection of the inferior vena cava (renocaval tumor
thrombus) and ECKR of a solitary kidney with orthotopic
replantation of vessels in 2 (4.5%) patients.

Table 1. Distribution of patients by stages of the tumor process
(n = 44)

Ta6nuua 1. PacnpeseneHve 60/bHbIX MO CTAAMAM OMyX0NEBOro
npouecca (n = 44)

Indicator Stage | Stage Il Stage Il Stage IV
n 33 4 4 3
% 79.5 9.1 9.1 6.8
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Methodology of the ECKR

Depending on the lesion side, patients underwent
J- or L-shaped laparotomy. Access to the retroperitoneal
space was achieved along the Toldt line. The kidney was
mobilized along with the pararenal fat body within the
Gerota fascia, with the separation of the adrenal tissue

Fig. 1. The mobilized kidney on the crossed vessels in a tray with
ice crumbs

Puc. 1. MobunusoBaHHas noyKa Ha NepeceyeHHbIX COCyAax B J10T-
Ke C NleJ0BOM KPOLLKOM

Fig. 2. Resection of a tumor within healthy tissues. 7 — wound
surface of the kidney; 2 — conglomerate multiple tumor

Puc. 2. PeseKums onyxonv B npeJenax 3[0poBbIxX TKaHen. | — pa-
HeBas NOBEPXHOCTb NOYKK; 2 — KOHITIoMepaTHast MHOXECTBEHHas
onyxosnb

Fig. 3. Reconstruction of the collecting system of the kidney
Puc. 3. PeKoHcTpyKums cobupatenbHOi CUCTEMBI MOYKM

Fig. 4. Reimplanted kidney. 7 — venovenous anastomosis between
the renal vein stump and the inferior vena cava; 2 — vascular anas-
tomosis between the renal artery stump and the aorta

Puc. 4. PeumnnaHTpoBaHHas noyKa. | — BeHO-BEHO3HbII aHaCcTo-
MO3 MeXAy KyNbTel NOYeYHON BEHbI 1 HUMHEl NOsoN BeHOW; 2 —
COCYAMCTBIN aHAaCTOMO3 MEXAY Ky/bTeii No4YeYHON apTepum U aopToii
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(in situations justified from the oncological standpoint).
The vascular pedicle and ureter were mobilized to the
level of its intersection with the iliac vessels. In all cases,
regional lymphadenectomy was performed.

The preparatory stage from the skin incision to the to-
tal mobilization of the kidney with lymphadenectomy took
45-72 (64.92 + 4.25 min). The aorta was mobilized in the
supra-, intra- and infrarenal sections, and the left (right)
renal artery and veins were then isolated. An additional
Doppler study of the kidney lesions, renal vessels, infe-
rior vena cava, and aorta was performed intraoperatively.

Before the main resection stage, systemic hepariniza-
tion of 5000-7500 IU was performed. Renal vessels were
selectively clamped. On vascular clamps, the renal artery
was transected at the entry, while the proximal stump
was tied and sutured. The renal vein was transected di-
rectly at the entry with vascular clamps. The clamp at the
renal vein entry remained until venous reimplantation.
Thermal ischemia of the kidney was initiated at the time
from clamping of the vessels to the placement of the
kidney in ice crumbs and the start of injection of conser-
vation agents.

The mobilized kidney on a non-transected ureter
was placed in a special tray with ice crumbs (Fig. 1).
Simultaneously, transarterial perfusion of the kidney was
established with the plegic solution Custodiol. The Cus-
todiol solution cooled to 5°C-8°C was supplied under
hydrostatic pressure at the rate of 1.5 mL/(min - g) of
the kidney mass.

The perfusate flowing from the lumen of the re-
nal vein was aspirated. The mean perfusion time was
9.62 + 1.55 min. The temperature in the thickness of the
kidney parenchyma was recorded using a thermometric
sensor. The mean temperature upon completion of perfu-
sion was 10.3 °C + 0.7 °C (Table 2).

With the full observance of the rules for cooling the
kidney, the duration of organ protection can reach 48
h. After intraoperative echographic examination, tumor
sharp dissection was performed within healthy tissues
(Fig. 2). In one case, multiple lesions (up to 15) were
found in the patient’s solitary kidney, which were re-
sected within healthy tissues.

The segmental arteries transected during the re-
section stage were restored by forming an end-to-end
oblique anastomosis with a 8/0 polypropylene thread or
sutured tightly with the same thread. In all cases, the
pyelocaliceal system of the kidney was resected, and its
integrity was restored with absorbable polyglactin thread
3/0 (Fig. 3).

The integrity of the kidney parenchyma was restored
with 2- to 3-story single sutures with absorbable poly-
glactin thread 1/0 to 2/0. Upon completion of the final
hemostatic suture on the kidney parenchyma, vessel re-
implantation and kidney revascularization were started
(Fig. 4). After an additional 100-300 mL of Custodiol
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Table 2. Physical parameters of kidney cooling during extracorporeal kidney resection
Tabnuua 2. usnyeckme napaMeTpbl OXNaXAEHUA NOYKM BO BPEMS IKCTPAKOPNOPAsIbHON Pe3eKLMM NoYKM

Parameters Indicators
Solution temperature 5-8°C
Perfusion rate 90-110 mmHg
Height of the container with the 120-140 cm

solution above the kidney level
Perfusion time

Not less than 8-10 min

solution was injected into the renal artery, the kidney
was placed in an ortho-optic position, and blood flow was
induced.

RESULTS

All patients were on endotracheal anesthesia on an
average of 485.73 + 96.41 min. The duration of the sur-
gical intervention varied from 190 to 560 min (average,
402.07 + 83.21 min). The mean warm ischemic time was
8.65 + 5.53 min. In 11 (25%) cases, the integrity of the
resected segmental arteries was restored. The number
of renal arteries varied from 1 to 3 (1.23 + 0.56), and the
number of veins varied from 1 to 2 (1.09 + 0.29). Intra-
operative antegrade stenting of the ureter was performed
in 27 (61.3%) cases. In 13 (29.5%) cases, given the in-
sufficient length of the artery stump, it was necessary
to replace the renal artery with polytetrafluoroethylene
prosthesis. The mean cold ischemic time of the kidney
was 147.8 + 53.1 min. In 11 (25%) cases, ipsilateral ad-
renalectomy was performed for oncological indications.
The intraoperative blood loss volume was 751.1 + 633.6
mL. Two patients underwent simultaneous surgery; one
patient underwent resection of the infrarenal aorta with
prosthesis for aneurysm, and the other underwent ex-
tirpation of the esophagus with simultaneous plastic
surgery for esophageal cancer. The main intraoperative
characteristics are presented in Table 3.

Table 3. The main characteristics of the operation
Ta6nuua 3. OcHOBHbIE XapaKTepPUCTUKY onepaLmm

The preoperative mean creatinine level was within the
normal range (96.4 + 16.3 ymol/L), while on postopera-
tive day 10, the value increased to 141.9 + 126.6 pmol/L.
The mean postoperative urea value remained within
the upper normal limits (7.1 £ 5.9 mmol/L), but it was
not significantly different from the preoperative value
(p = 0.05). The average preoperative GFR calculated using
the CKD-EPI equation was 72.3 + 16.8 mL/(min - 1.73 m?),
which corresponds to the initial decrease in GFR.
On postoperative day 10, the GFR level decreased sig-
nificantly [58.7 + 28.3 mL/(min - 1.73 m?)], which in this
case corresponded to a moderate decrease in GFR and
was a stage Ill chronic kidney disease (CKD). With further
follow-up after 1 year, the GFR increased on average to
69.4 + 26.2 mL/(min - 1.73 m?).

Twenty complications were identified above grade
[l of the Clavien-Dindo classification, which accounted
for 40% of the total number of surgeries. However, on
detailed examination, grade Il complications accounted
for 30% of the total number of complications. This com-
plication was mainly represented by a hematoma in the
resection area, which did not require surgical interven-
tion. Clavien—Dindo Illa and lllb complications occurred in
4 (20%) and 6 (30%) patients, respectively, which were
represented by single cases of acute pyelonephritis, even-
tration, acute renal failure, intra-abdominal bleeding, and
destructive pancreatitis. Moreover, 3 (15%) patients with
a solitary kidney developed acute renal failure, requiring

Criteria

Patients (n = 44)

Number of excised lymph nodes, n

Multifocal tumors, n (%)

Ureteral stenting, n (%)

Resection and microvascular grafting of segmental arteries, n (%)
Adrenalectomy, n (%)

Mean temperature of cold ischemia, °C

Renal artery replacement, n (%)

Simultaneous surgery, n (%)

Number of renal arteries, mean

Number of renal veins, mean

6.24 + 4.67
2 (4.5)
31 (70.5)
11 (25)
11(25)
10.3+0.7
13 (29.9)
2 (4.5)
1.23 £ 0.56
1.09+£0.29
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V (5%)

lllb (30%)

Illa (20%)

Fig. 5. Distribution of postoperative complications according to the
severity according to the Clavien—Dindo classification

Puc. 5. PacripeneneHue nocnieonepaumoHHbIX OCTIOXHEHUA B COOT-
BETCTBUM CO CTeMeHbto TAXECTU Mo Kiaccudmkaumm Clavien — Dindo

1-3 hemodialysis sessions. One (5%) lethal outcome was
caused by mesenteric thrombosis on postoperative day 4,
which induced multiple-organ failure.

The ratio of postoperative complications in accor-
dance with the Clavien-Dindo classification is presented
in Fig. 5.

The presence of a kidney tumor was confirmed by his-
tological examination in all patients who underwent sur-
gery. Clear-cell carcinoma was diagnosed in 35 (79.5%)
patients, urothelial cancer in 2 (4.5%), chromophobic
cancer in 1 (2.3%), and papillary cancer in 6 (13.6%). The
distribution of patients according to the histopathological
gradation of the neoplasm is presented in Table 4.

The follow-up period for patients who underwent sur-
gery ranged from 8 to 86 (average, 58.7 + 19.1) months.
The tumor progressed in 3 (6.8%) patients. In our pa-
tients, the 5-year and cancer-specific overall survival
rates were 91% and 93%, respectively.

DISCUSSION

Surgery is the only treatment option for most pa-
tients with localized renal cell carcinoma. Radical NE is
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a standard procedure with good oncological outcomes.
Given the above, new surgical approaches will provide
survival rates similar to NE. However, surgeons must
make efforts to minimize the consequences of cancer
treatment. Improved surgical approaches will probably
lead to a reduction in the rates of new comorbidities, with
CKD as the most serious and directly associated with NE.
With KR, a part of the kidney that is not affected by the
tumor at the time of surgical treatment is preserved,
which reduces significantly the CKD risk [17, 18].

The results of reviews of nonrandomized trials should
be interpreted with caution because of the risk of se-
lection bias. A cohort study using the Surveillance, Epi-
demiology, and End Results dataset demonstrated that
KR improved the overall survival rate compared with a
control group of patients without cancer. The authors
concluded that the apparent survival benefit provided by
KR is probably interpreted as the result of selection bias
associated with unmeasured confounding factors [19].
The same conclusion was made by Tobert et al. [20]. Evi-
dence from non-randomized trials revealed that KR was
used more frequently in younger patients and patients
with fewer comorbidities, smaller tumor size, less ag-
gressive pathology, lower American Society of Anesthe-
siologists scores, better renal function, and better indica-
tors of the quality of life compared with NE [21-24].

In these studies, the follow-up period was 6-7 years,
and kidney function [estimated GFR (eGFR) <60] was re-
duced with KR compared with NE. Although the preser-
vation of renal function is desirable in all patients, its
importance is unclear in patients with a normally func-
tioning contralateral kidney and normal renal function at
baseline. For example, NE may be the preferred approach
in older patients, given that any improvements in kidney
function are registered only over a long period [25].

In 2017, Kunath et al. [26] published data from a
randomized controlled trial that compared the results of
KR and NE in patients with renal cell carcinoma. This
study included 541 patients. The mean follow-up period

Table 4. Histopathological gradation of kidney tumors in operated patients (n = 44)
Tabnuua 4. MNicTonaTonoruyeckas rpafaums onyxosie NoYKK Yy onepupoBaHHbIX 00MbHbIX (1 = 44)

Histopathological gradation Patients

of cancer n | %
Clear-cell G1 16 36.4
Clear-cell G2 15 34.1
Clear-cell G3 4 9
Urothelial G1 1 2.3
Urothelial G3 1 2.3
Chromophobic 1 2.3
Papillary G2 3 6.8
Papillary G3 3 6.8

DOl https://doi.org/10.17816/uroved83884
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was 9.3 years. The time to death from any cause was
reduced with KR [odds ratio (OR) 1.50, 95% confidence
interval (Cl) 1.03-2.18]. No significant difference was
found in time to disease recurrence (OR1.37, 95% ClI
0.58-3.24). The authors concluded that KR improves
the overall survival rate. As regards postoperative mor-
tality, scientists did not reveal a significant difference
in the timing of disease recurrence; however, patients
who underwent KR had significantly improved quality
of life [26].

In the USA, Streja et al. [27] performed a randomized
trial comparing KR with NE, as well as CKD progression
and mortality, in patients who received surgical treat-
ment. The study included 7073 patients who underwent
KR or NE from 2004 to 2013. GFR was assessed before
hospitalization, immediately after surgery, and 180 days
after surgery. The study assessed the type of surgery
(KR or NE) and GFR at different treatment periods, with
estimated mortality in adjusted survival models. In pa-
tients with a history of NE (compared with KR), GFR
decreased by two times [-21.8 + 17.7 versus —-10.3 +
+ 17.4 mL/(min - 1.73 m?)] immediately after the surgery.
Patients who underwent NE (compared with KR) also had
a 2.2 times higher mortality rate (95% CI 1.91-2.55).
Decreased renal function and high mortality rate after NE
have been reported [27].

Van Poppel et al. [28] noted that a decrease in the
number of nephrons as a result of surgical interventions
(KR or NE) did not affect the GFR over the long-term
follow-up. Moreover, a typical progressively decreas-
ing trajectory of GFR was noted in patients with CKD for
other medical reasons, was not found in most patients
who underwent NE, and was not registered after KR, de-
spite the critically reduced GFR in the early postoperative
period of patients who underwent KR.

Several interpretations are possible for the lack of
association between GFR and mortality in KR and NE.
First, patients who underwent NE may have a higher
mortality rate from cancer. However, numerous studies
have shown that the difference in mortality rate is caused
by the difference in the overall rather than in the cancer-
specific survival rate [29-32].
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