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ABSTRACT

Purpose of the study. To assess the state of renal function in the application of therapeutic plasmapheresis in order to
correct the disorders accompanying the development of preclinical stage of AKI in patients after partial nephrectomy
under conditions of warm ischemia.

Patients and methods. We examined 119 patients (average aged 57.617.8 years) from 2018 to 2019, who underwent
open or laparoscopic kidney resection for cancer according to elective indications and with the usage of standard
WIT technique within 15-21 minutes. Patients with a high risk of developing a clinical stage of AKI (n=21) were divided
into 2 groups: in group | (n=10), patients continued to receive standard nephroprotective therapy, in group Il (n=11), 24
hours after surgery, therapeutic plasmapheresis was performed according to the TPE (Therapeutic plasma exchange)
protocol. During 7 days after the surgery patients in both groups were monitored daily for the rate of hourly diuresis,
serum creatinine, and creatinine GFR. The presence of significant differences in the groups was evaluated using the
STATISTICA 12.6 software package and the differences between the samples were considered significant at p<0.05.
Results. The development of the clinical stage of AKI in group | was detected in 80.0 % of cases, in group Ilin 9.0 % of
patients (p=0.0019). The rate of diuresis in group Il was significantly higher: by more than 2 times by day 3, by 90.0 %
on day 4, by 81.4 % on day 5, by 36.8 % on day 6, and by 25.4 % on day 7 (p<0.05). The average increase in creatinine
in group | was significantly higher: more than 5 times on day 5 and more than 4 times on day 6 and 7 of the study
(p<0.05). GFR in group Il was significantly higher on day 3 (65.3 %), day 5 (54 %), day 6 (39.2 %) and day 7 (50 %) (p<0.05).
Conclusion. Therapeutic plasmapheresis is highly effective in the correction of renal function disorders after kidney
resection under WIT conditions and demonstrates an advantage in reducing the risk of developing a clinical stage of
AKI in comparison with preventive measures that include standard nephroprotective infusion therapy.
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OPUTUHAJIbHAA CTATbA

OLIEHKA KOPPUTWPYHOLLIETO BJIMAHNA JIEYEBHOTO MTASMA®DEPE3A HA
COCTOAHME NOYEYHOW ®YHKLMKM Y BONBHBIX NOCJIE XUPYPTUYECKOIO
NEYEHWA NNOKANU30BAHHOTO PAKA MOYKK

C.H.Aumutpnagm, H.[l.Ywakoea, A.B.Benuuko*, E.M.®paHuyusHy,

OrbY «<HMULL onkonorum» Munsgpasa Poccuu, 344037, Poccuiickas ®epepauus, r. PoctoB-Ha-[loHy, yn. 14-9 nuHus, 4. 63

PE3IOME

Lienb uccnepoBaHusi. OLEHWUTb COCTOsIHME NoyeyHoit GyHKLMM Ha GoHe neyebHoro nnasmacdepesa, NPUMEHSIEMOro
C Liesblo KOpPeKLUy HapyLLEHWIA, CONMPOBOXAAIOLLUX Pa3BUTUE NPEKIMHNYECKON CTaaun OCTPOro NOBPeXAeHNs
nouek (OMM) y 601bHbIX MOC/E pe3eKLMM NMOYKM B YCIOBUSX TenaoBoi uwemum (TUM).

MauueHnTbl U MeToabl. 06cneaoBaHo 119 6o/bHbIX (CpefHuin Bo3pacT 57,617,8 neT), koTopbiMm ¢ 2018 no 2019 rr.
Mo 3/1eKTUBHbIM MOKa3aHWAM BbINOJIHEHA OTKPbITas WK nanapockonuyeckas pesekLms NoYku no nosogy paka
C NpUMeHeHneM cTaHgapTHoON MeToaukn TUT gnutenbHOCTbIO 15-21 MUHYT. BonbHbIe, UMetoLLe BbICOKUIA PUCK
pa3BUTUS KNMHKYecKo cTagum O (n=21), 6b1nn pasgeneHbl Ha 2 rpynnbl: B rpynne | (1=10) 60nbHble Npogos-
XXWIN NoJly4aTb CTaHAAPTHYIO HehponNpoTEKTUBHYO Tepanuto, B rpynne Il (n=11) cnycTs 24 yaca noce onepawum
npoBoAUnYK neyebHbIv Nnasmadepes no npotokony TPE (Therapeutic plasma exchange). B TeueHne 7-1 cyTok nocne
onepauuu y 605bHbIX 06enX rpynn exxeHEBHO OCYLLECTBIAIN KOHTPOIb CKOPOCTU NMOYacOBOro Auypes3a, CbiBOPO-
TOYHOFO KpeaTUHWUHA, CKOPOCTM Kily6oukoBoi dhunbtpauum (CK®) no kpeaTuHuHy. Hannyve JOCTOBEPHOCTM pas-
V4K B rpynnax oLeHnBany npu nomowm nporpaMmmHoro naketa STATISTICA 12.6, pa3nuuna Mexay Bbl6opkamu
cumTanu goctoepHbiMu npu p<0,05.

Pesynbratbl. Passutue knnHudeckon ctagum ONM B rpynne | Bbissunn B 80,0 % cnyyaes, Bo Il rpynne B 9,0 %
cnyyaes (p=0,0019). CkopocTb Auypesa Bo |l rpynne 6blia 3HauMMO BbliLle: 60/ee YeM B 2 pasa K 3-UM CyTKaMm, Ha
90,0 % Ha 4-e cyTku, Ha 81,4 % Ha 5-e cyTKU, Ha 36,8 % Ha 6-e CyTKM U Ha 25,4 % Ha 7-e cyTku (p<0,05). CpesHuii
NpUpOCT KpeaTuHWUHA B | rpynne 6bis1 3HaYMMO Bblille: 6oee YeM B 5 pa3 Ha 5-e CyTku n 6onee yeM B 4 pasa Ha 6-e
n 7-e cyTku uccnegosanus (p<0,05). CK® Bo Il rpynne 6bina 3HauMMo Bbiwe Ha 3-u (Ha 65,3 %), 5-e (Ha 54 %), 6-e
(Ha 39,2 %) n 7-e (Ha 50 %) cyTku (p<0,05).

3akntoyeHue. JleyebHbll Nnnasmadepes o6nafaeT BbICOKON 3(hHEKTUBHOCTHIO B KOPPEKLIMM HaPYLLIEHWI MOYEYHOA
byHKUMK nocne peseKumn NoYkmn B ycnoBuax TUM v feMOHCTPUPYET NPerMyLLECTBO B CHVXKEHWUN PUCKOB PasBUTHS
KnuMHMYyeckon ctagum O B cpaBHEHUM ¢ NPOPUNAKTUHECKMMU MEPOMPUATUSIMY, BKTFOYAIOLWMMU B Cce6s1 NPo-
BefleHne cTaHapTHoOM HepOoNPOTEKTUBHOM MHDY3NOHHOW Tepanuu.

KnioueBble croBa:
MOYeYHO-KJIETOYHbIN pPaK, 0OCTPOE MOBPEXAEHUE MOYEK, GUOMAPKEPbI MOYEYHOTO MOBPEXAEHNS,
neyebHbIn Nna3madepes, GyHKLMS MOYKM, PEIEKLUS MOYKMU.

[ins KoppecnoHpeHuum:

Benuuko Anekceil BayecnaBoBuY - Bpay-OHKOMOr OTAENEHUS OHKOreMaToNnoruu, MaaaLnid HayuHblil COTPYAHUK OTAENa NeKapCTBEHHOro
neyenus onyxonen ®rby «<HMUL, onkonorun» Munsapasa Poccum, r. Poctos-Ha-floHy, Poccuiickas ®epepaums.

Appec: 344037, Poccuitickas ®egepauus, r. PoctoB-Ha-[JoHy, yn. 14-2 nuHus, 4. 63

E-mail: lex.vel@mail.ru

SPIN: 2703-7624, AuthorlD: 1053682

NHbopmauus o GuHaHCUPOBaHMM: MCCNef0BaHMe 6blNo NOAAEPXaHO rpaHToM MpesupeHTa Poceuiickoii Gepepaunn ans nopAepXKU MONOAbIX
poccuitckux yueHbix M-5060.2018.7 Ha Temy: «HOBbIi NOAXOA K paHHe! AMarHOCTUKe OCTPOro NOBPEXAEHUS NOYEK HAa OCHOBE aHann3a
61oMapkepoB Yy 60/bHbIX MOYEYHO-KNETOUHBIM PaKOM NOCAE Pe3eKLUN NOYKK B YCNOBUSAX TEMIOBON ULIEMUNY.

KoH®AMKT MHTepecoB: aBTOpPbI 3asBNAKT 06 OTCYTCTBUM KOHMINKTA UHTEPECOB.

[Ons uutupoBaHus:

Oumutpuagum C.H., Ywakosa H.[.., Benuuko A.B., dpaHuyusHy E.M. OueHka Koppurupyrowero BAusHUA neye6Horo nnasmadepesa Ha COCTOsHUE
NoYeYHo! GYHKLMW y 60/bHBIX NOCNE XUPYPTrUYECKOTrO IEYEHUS TIOKANU30BAHHOO paka noyki. K0xHo-Poccuinckuii OHKONOrMYECKUiA XypHan.
2021; 2(2): 6-14. https://doi.org/10.37748/2686-9039-2021-2-2-1

MonyueHo 16.02.2021, Peuensus (1) 23.03.2021, Peuensus (2) 23.04.2021, Ony6nukosaro 18.06.2021



South Russian Journal of Cancer 2021, v.2, N2, p. 6-14

S.N.Dimitriadi, N.D.Ushakova, A.V.Velichko*, E.M.Frantsiyants / Evaluation of the corrective effect of therapeutic plasmapheresis on the state of

renal function in patients after surgical treatment of localized kidney cance

RELEVANCE

Renal cell carcinoma is one of the most common
oncological diseases, accounting for up to 4.0 % of all
malignant neoplasms [1]. The frequency of detection
of this pathology is constantly increasing, which is
largely due to the technical improvement of modern
imaging methods. In accordance with this, the main
share of diagnosed nosological forms is represented
by localized processes, the standard of treatment of
which remains surgical operation: nephrectomy or
kidney resection [2, 3].

If it is technically possible to implement it, accord-
ing to international recommendations, the organ-
preserving approach is the most preferable [4]. Re-
section of the kidney is most often performed using
the method of total thermal ischemia (TTI), which
consists in temporary clamping of the renal vein and
artery. Long-term ischemic exposure in combination
with a reperfusion damaging component exerted
on a tumor - affected kidney increases the risk of
developing a life-threatening condition in the early
postoperative period-acute kidney injury (AKIl), and
subsequently chronic kidney disease [5].

Despite the presence of many well-known meth-
ods of anti-ischemic protection, including both
surgical approaches (aimed at reducing the time
of thermal ischemia, reducing the intensity of
energy-dependent metabolic processes in the kid-
ney through hypothermia, increasing the tolerance
of the renal parenchyma to hypoxic conditions), and
approaches based on the use of pharmacological
agents (blood substitutes with oxygen transport
function, drugs with anti-ischemic and anti-hypox-
ic effects), including the use of epidural novocaine
blockades, the frequency of the development of the
clinical stage of AKI after organ-preserving opera-
tions on the kidney remains high (from 5t0 15 %
according to different authors) [6-10].

Based on the pathogenetic features of the devel-
opment of AKI, the main links of which at the initial
stages are the immune-mediated development of
acute inflammation of the nephron tubules, the use of
therapeutic plasmapheresis is pathogenetically jus-
tified, since the latter has significant reocorregating,
immunocoregating and detoxifying properties [11-13].

Previously, we proposed a method for diagnosing

AKI at the preclinical stage [14], which was later sup-
plemented with recommendations for correcting this
complication based on the use of therapeutic plasma-
pheresis [15]. The approach based on extracorporeal
detoxification, aimed at correcting complications
associated with ischemia-reperfusion syndrome,
contributed to a significant reduction in the risk of
AKI, which was demonstrated in a number of clinical
observations. However, the obtained data should be
justified using statistical methods of research with
a more detailed assessment of the state of mark-
ers of impaired renal function (hourly diuresis rate,
serum creatinine, glomerular filtration rate (GFR) for
creatinine).

The purpose of the study: to evaluate the state of
renal function in the context of therapeutic plasma-
pheresis, used to correct the disorders accompany-
ing the development of preclinical stage of AKl in
patients after kidney resection under conditions of
thermal ischemia for cancer.

PATIENTS AND METHODS

A total of 119 patients with localized kidney can-
cer (72 men and 47 women) were examined, with
an average age of 57.6+7.8 years. All patients in the
conditions of the FSBI "NMRC of Oncology" of the
Ministry of Health of the Russian Federation from
2018 to 2019, according to elective indications,
underwent open or laparoscopic kidney resection,
during which the standard total TTI technique was
used. The criteria for the selection of patients were:
normal preoperative creatinine values (in the exam-
ined patients they were 83.1t4.6 mmol/L), postop-
erative verification of localized forms (pT1a-bNOMO)
of renal cell carcinoma and the duration of thermal
ischemia from 15 to 21 minutes.

Patients with a high risk of developing AKI in
the postoperative period were identified using the
scale of diagnosis of the preclinical stage of AKI
developed earlier [16]. To apply this scale, it is nec-
essary to know the initial and postoperative values of
a number of biomarkers of renal damage (cystatin C,
L-FABP (Liver Fatty Acid Binding Protein) and NGAL
(Neutrophil-Gelatin-Associated Lipokalin) of blood
serum), which in patients included in the study were
determined using ELISA using standard commercial
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test kits: for cystatin C-BioVendor (Czech Republic),
for NGAL - BCMDiagnostics (USA), for L — FABP-Hy-
cult Biotechnology (Netherlands).

All patients at high risk of AKI were treated with
nephroprotective infusion therapy 16 hours after sur-
gery: albumin 20 % — 100 ml intravenously; sterofun-
din — 1000 ml + eufillin 2.4 % — 3 ml intravenously;
saluretics were prescribed for diuresis of less than
70 ml / hour; oral patients received at least 1 liter of
water [17]. Patients who had maintained a ten per-
cent increase from the initial preoperative values of
the NGAL and/or L-FABP biomarkers 24 hours after
surgery were randomized into 2 groups (I and II).
Patients of group | continued to receive conservative
therapy, patients of group Il were additionally treated
with therapeutic plasmapheresis.

Therapeutic plasmapheresis was carried out ac-
cording to the TPE protocol (Therapeutic plasma
exchange) on the MCS+ "Haemonetics" device (USA)
with a perfusion rate of 40-60 ml/min, V=4800 rpm;
with plasma substitution by intravenous infusions
of gelofuzine solutions, 5 % albumin, balanced crys-
talloid solutions in a total volume exceeding the
amount of exfused plasma by 2 times in a ratio of
110 1 or 2to 1, depending on the value of hemato-
crit and total blood protein levels in the predilution
mode. The volume of plasma extraction was 800-
1200 ml. Blood stabilization was carried out with
4 % sodium citrate in the ratio of anticoagulant/
blood-1 to 12.

Patients of groups | and Il were under dynamic
observation during the first seven days after the op-
eration. During this period, markers of renal damage
(hourly diuresis rate, serum creatinine, and creatinine
GFR) were monitored daily, and based on a compar-
ison of their values in the study groups, the effec-
tiveness of therapeutic plasmapheresis in correcting
disorders associated with AKI was evaluated. The
GFR for creatinine was calculated using the CKD-EPI
formula [18]. The presence or absence of a clinical
stage of AKIl in all patients was confirmed in accor-
dance with the generally accepted classification of
KDIGO (Kidney Disease Improving Global Outcomes)
2012 [19].

The presence of significant differences in the
groups was assessed using the software package
STATISTICA 12.6 (2015). The nonparametric statis-

tical Mann-Whitney U-test was used to compare two
independent samples. To identify the significance
of differences in the results of correction of homeo-
stasis disorders associated with AKl in groups | and
I, the exact Fischer test was used. The differences
between the samples were considered significant at
the level of statistical significance p<0.05.

RESEARCH RESULTS AND DISCUSSION

The use of a scale for the diagnosis of the preclin-
ical stage of AKI with the calculation of the a-index
made it possible to stratify all patients according to
the degree of risk of acute kidney injury. According
to the data obtained, in 31 (26 %) of the 119 pa-
tients, the value of the index a was 3 16 hours after
surgery, that is, they had a high risk of developing
the clinical stage of this complication, which was
the reason for the start of nephroprotective thera-
py. Taking into account the principle of operation
of the scale of diagnostics of the preclinical stage
of AKI, which consists in calculating the sum of
three indicators (X, Y, Z), two of which are mea-
sured in the pre- (Z) and intraoperative (Y) periods,
further monitoring of patients should be carried out
by measuring the indicator X, which characterizes
the dynamic changes in the rate of diuresis and
concentrations of biomarkers of AKI (cystatin C,
L-FABP and NGAL of blood serum) in the postoper-
ative period. Since the maximum value of each of
the parameters can not exceed one, it is obvious
that 16 hours after resection, the value of all indi-
cators in each patient with a high risk of developing
AKIl was 1, and, consequently, all parameters of in-
dicator X responded in 100 % of cases. Repeated
measurement of the parameters of the X index in
these patients 24 hours after surgical treatment
revealed a significant decrease in them against the
background of nephroprotective therapy. The data
obtained are shown in the figure 1.

Therapeutic treatment, according to the obtained
data, has significantly contributed to the resto-
ration of the rate of diuresis of patients: the pres-
ervation of values of this parameter less than 70
ml/hour was observed only in 5 (16.1 %) patients.
The number of patients in whom the increase in
cystatin C values was 10 % or more compared to
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the baseline values also significantly decreased:
similar dynamics remained in 6 patients (19.3 %).
At the same time, it should be noted that the pro-
portion of patients in whom all the parameters of
indicator X responded (that is, the rate of diuresis
of these patients did not exceed 70 ml/hour, and the
one-time increase in cystatin C, L-FABP and NGAL
was equal to or greater than 10 %) remained high
(67.8 %), most often due to the preservation of the
increase in NGAL markers (in 51.6 % of cases) or
L-FABP (in 58.1 % of cases). Thus, the above results
indicate the need for and at the same time insuffi-
cient effectiveness of nephroprotective therapy in
patients of this category.

In order to study the corrective effect of therapeu-
tic plasmapheresis, patients at high risk of developing
AKI, who 24 hours after surgery revealed the presence
of an additional negative prognostic sign, such as the
preservation or increase in the increase by 10 % from
the preoperative values of the NGAL and/or L-FABP
markers (n=21), were randomly divided into 2 groups.
Group | consisted of 10 patients who continued to
receive nephroprotective therapy, group Il consisted
of 11 patients whose treatment complex included
plasmapheresis.

Since, according to studies, the concentration of
serum creatinine increases in response to impaired
renal function after 24-72 hours, further dynamic
monitoring of the functional state of the kidneys
of patients in groups | and Il was carried out by
determining the concentration of serum creatinine
and GFR by creatinine, in addition, hourly diuresis
was continued (in accordance with the clinical rec-
ommendations of KDIGO 2012) [19, 20]. The devel-
opment of the clinical stage of AKI according to the
results of monitoring in group | was detected in 8

Diuresis rate (parameter a)

10 % increase in cystatin C (parameter b)

10 % increase in L-FABP (parameter d)

... A 444444
.. A 4444444
10 % increase in NGAL (parameter ¢) [N
I 4
I 4 4

All parameters of the indicator X (a, b, ¢, d)
0% 20 %

H Parameter’s reaction is nresent

10

40 %

patients (in 80 % of cases), which was confirmed
by the presence of an increase in serum creatinine
by 1.5 times or more from the initial values: in 6
patients (60 %) on day 3 and in 2 (20 %) patients on
day 5 after resection. In group Il, studies clinically
confirmed the presence of AKI in only one (9 %) pa-
tient (p=0.0019, when compared with the results in
group | using the exact Fischer test). The results of
comparisons of dynamic changes in the functional
markers under study are presented in more detail
in the figures 2-4).

As shown in Figure 2, after therapeutic plasma-
pheresis in group ll, the average values of the diuresis
rate from the 3rd to the 7th day of the study did not
have significant statistical differences in compari-
son with preoperative ones. At the same time, in the
group of patients whose correction of renal function
disorders was limited to nephroprotective therapy,
a statistically significant decrease in the rate of di-
uresis compared to the initial values was observed by
the 3rd day of the postoperative period (by 55.1 %). It
is important to note that the average rate of diuresis
from the 3rd to the 7th day of the study in group I
was significantly higher: more than 2 times by the 3rd
day (p<0.05), by 90.0 % on the 4th day (p<0.05), by
81.4 % on the 5th day (p<0.001), by 36.8 % on the 6th
day (p<0.05) and by 25.4 % on the 7th day (p<0.05).
Thus, the obtained results demonstrate a pronounced
corrective effect of therapeutic plasmapheresis on
the rate of diuresis in patients with a high risk of
developing the clinical stage of AKI.

Based on the fact that AKl is usually diagnosed
with an increase in the concentration of serum cre-
atinine by 1.5 times from the initial values, it is more
informative, from the point of view of this study, to
present data comparing not the average values of

Fig. 1. The occurrence of
indicators of the dynamics
of the levels of three
informative markers of AKI,
taking into account the rate
of diuresis (indicator X) in
patients with a high risk of
developing AKI (n=31) after
the start of infusion therapy
(24 hours after surgery), %.

60 % 80 % 100 %

B Parameter’s reaction is ahsent
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serum creatinine, but the average values of its in-
crease per day in relation to its initial values (Fig. 3).
To this end, we calculated the difference in creati-
nine values for each day of the postoperative period
with the initial values in each patient and found the
median from the resulting numerical series. The
obtained results indicated significant differences
in the average values of serum creatinine gain be-
tween the subgroups from the 5th to the 7th day
of the study. The average increase in creatinine in
group | was significantly higher (more than 5 times
on day 5 and more than 4 times on day 6 and 7 of
the study), which indicated that the majority of pa-
tients who received only nephroprotective therapy in
comparison with patients who additionally received
therapeutic plasmapheresis, more often observed
an increase in serum creatinine, which, at the same
time, was characterized by greater intensity. Dy-
namic changes in GFR also indicated statistically
significant differences in the functional state of the
kidneys in patients of groups | and Il (Fig. 4).
When comparing the dynamic changes in GFR in
the study subgroups, the latter were characterized by
higher values in group Il on the 3rd (by 65.3 %), 5th
(by 54 %), 6th (by 39.2 %) and 7th (by 50 %) days after
resection than in group | (at p<0.05 for all comparison
cases). Analysis of the results of GFR calculation in
group | revealed a significant decrease in the values
of this indicator in comparison with the baseline on
the 3rd day (by 47.3 %), on the 4th day (by 40.3 %), on
the 5th day (by 46.2 %), on the 6th day (by 45.1 %) and
on the 7th day (by 50.5 %) of the postoperative period.
Consequently, the dynamics of GFR also confirmed
the presence of higher functional results of correc-
tion of postoperative complications in the group of
patients who underwent therapeutic plasmapheresis.

The main direction in the provision of therapeutic
and preventive measures at the early stages of AKI
development, both in domestic and foreign clinical
recommendations, is the conservative correction of
complications caused by renal dysfunction [19-24].
The use of combined infusion therapy, the purpose
of which is to level protein-energy deficiency, uremic
disorders, acid-base and water-electrolyte balance,
is a pathogenetically justified, necessary, but insuffi-
ciently effective preventive measure, as evidenced by
the high rates of morbidity and morbidity associated
with AKI. The data presented in this study allow us
to recommend the use of therapeutic plasmapher-
esis in combination with infusion therapy in clinical
practice as the most effective approach to reduce
the risks of developing and further progressing AKI
in patients after kidney resection in conditions of
thermal ischemia.

CONCLUSIONS

Based on the analysis of the dynamics of markers
of renal functional impairment (serum creatinine,
GFR, and diuresis rate), we can conclude that ther-
apeutic plasmapheresis is highly effective in cor-
recting ischemia-reperfusion syndrome induced by
postoperative trauma.

The use of therapeutic plasmapheresis in combi-
nation with ifusion nephroprotective therapy, when
identifying patients with preclinical stage of AKI,
demonstrated an advantage in reducing the risks of
progression and development of the clinical stage
of this complication in comparison with preventive
measures that include an exclusively therapeutic
approach.
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