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The capacity of computed tomography 
in preoperative determination 

of surgery volume in kidney tumors
Relevance: Computed tomography allows detecting small tumors. However, surgical tactics cannot always be determined 

in advance.
The purpose of the research was to assess the capacity of computed tomography in the preoperative determination of 

surgery volume in kidney tumors. 
Results: 548 patients were treated for kidney neoplasms. They were divided into three groups by computed tomography 

based on the R.E.N.A.L. scale: with a high risk of complications – 265 patients (48.4%), medium risk – 107 (19.5%), and low risk – 
176 (32.1%). All operations were performed in the planned volume depending on the identified risk group for complications 
and resectability of kidney neoplasms; no changes to the plan of surgical interventions were made. The preoperative assess-
ment of the kidney angioarchitectonics and the tumor relation to the pyelocaliceal system and the organ parenchyma helped 
determine the surgery volume and the possibility for organ-reserving interventions in 283 patients and radical nephrectomy 
in 265 patients.

Conclusion: Such a highly informative method as computed tomography made allows early detection of small-sized kid-
ney tumors to provide an opportunity for organ-preserving surgery and improved treatment outcome.
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Introduction:
Renal neoplasms rank 8th (3.81%) in cancer inci-

dence in the Republic of Kazakhstan. The lethality from 
kidney cancer is 2.6% [1].

In the US, 30 thousand new cases and 12,000 deaths 
from kidney cancer are annually registered. There is an an-
nual increase in the disease: from 1.5 to 5.9% in the US; 
in Russia, the growth rate was up to 3.5%. In 2016, 62,700 
people in the USA were diagnosed with malignant kidney 
tumors, and 14,240 died from this disease. Renal cell carci-
nomas account for nearly 90% of kidney tumors [2]. 

According to the statistics, kidney cancer accounts 
for 4-5% of cancer cases in men and less than 3% of can-
cer cases in women [3]. According to the observations 
of the Russian oncologists, more than 20,000 new cas-
es of renal malignancies were diagnosed in three years 
(2015–2018), with no decreasing tendency in the inci-
dence of this disease. Kidney cancer is the most com-
mon among all kidney malignancies. Stage I was diag-
nosed in 47.9% of cases, stage IV – in 19.1%. This fact 
shows a high informative significance of radio diagnos-
tic methods. High mortality (15.2%) from kidney cancer 
is mainly due to an advanced process [4, 5].  

Nephrobiopsy is a reliable diagnostic method but is 
not a routine in renal tumors and is not performed in 

all institutions. In most cases, malignancy is confirmed 
after renal resection or nephrectomy [3].  

Renal biopsy is not a safe technique and is more common 
during differential diagnostics or choice of therapy in meta-
static lesions (6). However, L. Marconi et al. report relatively 
high diagnostic accuracy of renal biopsy in renal neoplasms 
at 90.1% despite the biopsy-associated difficulties and possi-
ble complications, including implantation metastases [7].

Kusainova B.T. proposes to use cytology to verify be-
nign and malignant renal neoplasms and determine 
the most common histological variants. This method of 
morphological verification is of high significance and 
enables intraoperative determination of further tactics 
and scope of surgery [8].  

It is crucial to preserve the quality of life of patients af-
ter renal surgery for neoplasms. On the one hand, the de-
sire to perform organ-preserving surgery is justified; on 
the other hand, the main principle of radicality sometimes 
brings the oncourology doctor to a dead end. Radiation 
examination methods can assist in choosing between sur-
gery with a high degree of radicality and the organ-pre-
serving option in advance, before surgery.

In Russia, the number of organ-preserving opera-
tions with malignant renal neoplasms has increased by 
15.5% in recent decades [9, 10]. 
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Preservation of the adrenal cortex is not always in-
dicated in radical nephrectomy. Only tumor localiza-
tion in the superior pole with adrenal cortex invasion 
is an indication for adrenalectomy.

Sometimes, the tumor size requires radical ne-
phrectomy with lymph node dissection, and the tech-
nical possibilities for organ-preserving interventions 
are not always considered.  

It is relatively easier to remove the kidney than re-
sect it, even with the temporarily cut-off blood flow. As 
a result, radical nephrectomies are more common, and 
the kidney incision line is controlled on the gross spec-

imen. The incidence of unnecessary nephrectomies 
was still relatively high in 2015, though the share of 
organ-preserving operations has reached 18.9% [11].  

Russian researchers have noted that nephrecto-
mies are most common in malignant renal neoplasms, 
and the desire of oncourologists to perform radical op-
erations subordinates organ-preserving surgery.  

In the past, the possibility for organ-preserving surgery 
in renal tumors was mainly determined by vessel size and 
relation. Today, the R.E.N.A.L. nephrometric scale is used in 
clinical practice when choosing organ-preserving surgery, 
predicting and preventing complications (Table 1).

Table 1 – R.E.N.A.L. scale [12]

Parameters 1 point  2 points 3 points

R – Radius, cmа ≤4 >4, but <7 ≥7

E – Exophytic/endophyticb ≥50 % exophytic <50 % exophytic Predominantly endophytic

N – Nearness, mmc ≥7 >4, but <7 ≤4

A – Anterior/posteriord front back another

L – Locatione Figure 1
a The largest diameter.
b Nature of growth.
c Proximity to the collecting system or sinus.
d Location of tumor (does not affect the score).
e Position concerning the pole lines.

Calculations based on the scale scores are as fol-
lows: a score of 10 to 12 indicates a high risk of compli-
cations, 7 to 9 – a moderate risk, and 4 to 6 – a low risk. 

A differentiated approach to choosing the scope 
of surgery using the R.E.N.A.L. scale reduces the num-
ber of unnecessary nephrectomies. It fine-tunes or-
gan-preserving surgery, improving oncological and 
functional outcomes in patients with malignant renal 
neoplasms [12].

The presented schematic pictures can be used to 
plan the incision line and the feasibility of organ-pre-
serving surgery in general (Figure 1) [12]. It clearly 
shows the location of the mass and the renal pole po-
sition without considering the vascular masses. Unnec-
essary nephrectomies in renal neoplasms are shown 
when organ-preserving surgery could have been per-
formed. Alexeeva G.N. et al. (2018) proposed measures 
that fine-tune the organ-preserving surgery, improve 
oncological and functional outcomes of localized kid-
ney cancer treatment. This scheme shall be widely 
used in clinical oncourology.

The need for radical surgery and the surgeon’s de-
sire to preserve the kidney some-times confound this 
dilemma. Knowing the exact position of the tumor and 
the vessels and other anatomical structures of the kid-
ney allows determining the scope of surgery well in 
advance.

In renal malignancy surgery, nephrectomy and re-
section of the kidney are the main methods of renal 
tumor treatment. Radiation methods can detect small 

masses but cannot always determine the surgical tac-
tics in advance. Preserving a kidney with cen-tral re-
nal masses is almost always challenging, given that 
surgery is the only choice. There is literature evidence 
of unnecessary nephrectomy at the early stages of the 
dis-ease.

a – the tumor is located in one of the poles (1 point); 
b – the tumor crosses the pole line (2 points); 

c – more than 50% of the tumor is located behind the pole line, 
the tumor crosses the midline of the kidney, or the tumor is 

located between the pole lines (3 points); 
h – if the tumor is adjacent to an artery and/or vein of the renal 

sinus (hilar tumor), add suffix “h.”

Figure 1 – Kidney formation position related to the pole [12]

The rationale of organ-preserving surgery was prov-
en in 25-years multicentre studies. Thus, among 3,457 
patients with stage I and II renal neoplasms, 40% un-
der-went nephrectomy vs. 60% of kidney resections. 
There was a reliable correlation be-tween glomerular 
filtration rate and lethality from malignant neoplasms. 
Antonelli et al. supported the kidney resection based 
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on the renal function effect on cancer treatment re-
sults. At that, each unit of glomerular filtration rate in-
dicated the possibility of kidney preservation [13].  

Tumor size matters the same as the tumor local-
ization and its proximity to vas-cular structures. In the 
known literature, authors have demonstrated the fea-
sibility and advisability of organ-preserving surgery for 
tumors over 6-7 cm. Thus, the median survival of pa-
tients after renal resection was higher than after ne-
phrectomy. It should be noted that organ-preserving 
operations are associated with more complications due 
to possible bleeding from the renal parenchyma and 
related purulent-infectious pro-cesses. Specific tech-
nical difficulties might occur after renal resection due 
to possible bleeding from the renal parenchyma ves-
sels even after temporary clamping of the renal artery. 
High-energy equipment does not always ensure de-
finitive hemostasis. Only a combined use of high pow-
er, a Tachacomb plate, and stitching deliver definitive 
he-mostasis. However, despite frequent complications, 
renal resection provides a higher survival rate and bet-
ter functional results than nephrectomy [14]. 

Surgical treatment is the primary choice in renal 
neoplasia. Advanced determina-tion of the scope of 
surgery is crucial for a favorable outcome. Such diag-
nostic tech-niques as morphology, renal ultrasound, 
and radioisotope renography have some in-formative 
value. However, only computerized tomography pro-
vides sufficient infor-mation about the state of the kid-
ney and its vessels, the localization of the mass, and 
the relation to the pelvic ureteric segment and the sur-
rounding organs.

The experience in treating patients with malignant 
renal neoplasms calls for a broader introduction of or-
gan-preserving operations. The criteria for preferring 
resec-tion over nephrectomy as a radical surgical treat-
ment in renal cancer are known.

The purpose of the research was to assess the ca-
pacity of computed tomography in the preoperative 
determination of surgery volume in kidney tumors. 

Materials and methods:
A total of 548 surgeries (311 (56.8%) in men and 

237 (43.2%) in women) for kidney neoplasms were per-
formed at the Multidisciplinary hospital No.3 of Kara-
ganda in 2016-2020.

We divided the patients into three groups depend-
ing on the tumor localization and size. In Group 1 
(n=265, 48.4%), the patients had intrarenal tumors in-
volving renal collar and pelvic segment. Intrarenal tu-
mors also presented complications by portal vein 
thrombosis in 11 patients and tumor invasion into the 
adjacent organs in 13 patients.

In Group 2 (n=107, 19.5%), the tumors were located 
near the upper pole of the kidney and were up to 6-7 
cm in size. 

In Group 3 (n=176, 32.1%), the patients had neo-
plasms of the lower pole (n=85, 48.3%) and the kidney 
rib (n=91, 51.7%), with the tumor size of 2-5 cm. 

All patients underwent computed tomography to 
determine the kidney angioarchitecture, the exact lo-
calization of the tumor, its relation to the calyx-pelvic 
system and blood vessels, and possible options for in-
vasion into adjacent organs. No preoperative renal bi-
opsy was performed in our study.

The R.E.N.A.L. scale was used to determine the fea-
sibility of organ-preserving surgery and the develop-
ment of complications. All the patients were attributed 
to three groups by the risk of complications according 
to their R.E.N.A.L. scores. 

In Group 1, most tumors were localized at the 
center, near the vessels, or close to the kidney ar-
teries and veins and could not be bypassed. Some 
patients had thrombosis of the portal and renal 
veins and tumor invasion into adjacent organs. To-
gether, it was an indication for radical nephrecto-
my. The average size of intrarenal tumors was 7 to 
12 cm. Tumor localization in the lower pole of the 
kidney with involvement of the calyx-lobar seg-
ment was another indication for nephrectomy (Fig-
ure 2). The below picture clearly shows the tumor 
location with the infiltration of the pelvic cavity, 
making it impossible to maintain the kidney (a se-
ries of abdominal CT scans with contrast showed 
an additional rounded mass measuring over 7 cm, 
with heterogeneous density, in the lower pole of 
the right kidney). This tumor was apprised as a lo-
cally disseminated tumor.

Figure 2 – Abdominal CT with the tumor in the lower pole of the 
right kidney, involving the calyx-pelvic segment.

In Group 2 of moderate risk, the tumors 4-5 cm in size 
were located in the upper pole, relatively distant from 
blood vessels. The R.E.N.A.L. scale for these tumors was 8 
points, and they were assessed resectable. Organ-preserv-
ing surgery, with a mandatory temporary cessation of the 
renal blood flow, was planned (Figure 3).
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Figure 4 shows a right kidney with a large tumor and 
multiple satellite metastases in the parenchyma. A renal 
vein with a tumor embolus, most often in the vena cava, 
is visible. Histological examination of the tumor revealed a 
renal cell carcinoma.

Figure 3 – Abdominal CT scan of a left kidney tumor.

In the low-risk Group 3, the renal neoplasms were up 
to 4 cm in size and located far from the vessels, so they 
were assessed resectable. The below picture shows a CT 
scan of a tumor along the rib of the left kidney with no 
connection to the portal and vessels or the pelvic sys-
tem. (Contrast-enhanced CT scans of the abdomen in 
the frontal plane show an additional irregularly round-
ed, heterogeneous mass measuring up to 2.3 cm, in-
tensely accumulating contrast, on the lateral contour of 
the left renal parenchyma, in the middle 1/3 of the left 
kidney. No involvement of the RCS is detected). This CT 
scan made it possible to plan the scope of surgery be-
fore the operation.

In this group, not all cases required renal vasocon-
striction. Accordingly, the operation proceeded without 
technical difficulties, provided that high-energy equip-
ment was used.

Results and Discussion:
In Group 1, all patients (n=265, 48.4%) with a high 

risk of complications and tumor nature according to 
the R.E.N.A.L. scale underwent radical nephrectomy. 
Most technical difficulties were registred in case the 
tumor invaded the neighboring organs: colon and me-
socolon – in 7 patients, pancreas – 2, right lobe of the 
liver – 1. Colon resections with primary anastomoses 
were performed in case of colonic infiltration. No post-
operative complications were registered, intestinal ac-
tivity was restored. At caudal-pancreatic gland out-
growth in 2 patients, a corporocaudal resection was 
performed for radicality. Inferior vena cava thrombo-
sis was observed in 9 patients, renal vein thrombosis – 
in 2 patients. Nephrectomy was performed with vena 
cava thrombectomy (Figure 4). Thrombectomies with 
the restoration of the defect in the vein were associat-
ed with some technical difficulties. The thrombus was 
4-7 cm long. No postoperative thrombogenic compli-
cations were noted.

Figure 4 – Macropreparation: kidney with a tumor in the lower 
pole and a thrombus in the vena cava.

In 263 (48.0%) patients, organ-preserving surgery 
was performed. Anatomical landmarks made it possi-
ble to prevent damage to the large vessels and to pre-
dict possible atypical resection in advance. 203 (37.0%) 
patients underwent nephrectomy for large tumors with 
lesions of the calyx-pelvic system and invasion into the 
pararenal fat body; 39 of them underwent laparoscop-
ic surgery.

In Group 2, 107 (19.5%) patients with a moderate risk 
of complications and a high possibility for organ-pre-
serving interventions presented some intraoperative 
difficulties like bleeding after a segment resection and 
the renal blood flow opening. The event was resolved 
with technical difficulties using high-energy equip-
ment – Tachacomb hemostatic plates.

In Group 3, 176 (32.1%) patients had good techni-
cal intraoperative conditions for organ-preserving sur-
gery (Figure 5).

Figure 5 clearly shows a removed tumor with a line 
of healthy renal tissue, indicating the radical nature of 
the operation.

Probably, the small size of the tumor and its more 
superficial location enabled resection and kidney pres-
ervation in all patients in this group to undergo. Those 
39 patients did not require the renal vessels’ clamping.

Our study confirmed a high R.E.N.A.L. scale effec-
tiveness for preoperative determination of further sur-
gical tactics and performing organ-preserving opera-
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tions with a high degree of substantiation. This scale 
can be recommended for wide use in clinical practice. 
The method allows not only to set indications for or-
gan-preserving operations but also to justify the rad-
ical scope of surgery in locally disseminated process-
es and reduce the risk of subjective assessment of the 
scope of intervention.

Figure 5 – Resected kidney section with a tumor removed within 
healthy tissue

Conclusion:
The primary purpose was to assess the feasibility of us-

ing CT in presurgical diagnostics of renal neoplasms to de-
termine the scope of surgery. Retrospective and prospec-
tive analyses of operations performed in patients with 
renal neoplasms revealed a correlation between the tu-
mor nature by the R.E.N.A.L. scale and the type of surgery 
required. The analysis of 548 surgical interventions in pa-
tients with renal neoplasms revealed three groups de-
pending on the risk of complications and tumor resectabil-
ity according to the R.E.N.A.L. scale score.

Presurgical assessment of the kidney angioarchitec-
ture and the tumor relation to the calyx-pelvic system and 
blood vessels allowed determining the scope of surgery 
and the possibility of preserving the kidney in advance.  

The use of the R.E.N.A.L. scale to group patients in 
need of nephrectomy or organ-preserving surgery provid-
ed good treatment outcomes in patients with renal neo-
plasms. 

Computed tomography has a high informative value in 
diagnosing kidney neoplasms and plays an essential role 
in determining the volume of surgical intervention. This 
method allows specifying indications for organ-preserv-
ing operations.

The article describes the use of the R.E.N.A.L. scale 
based on computed tomography data to determine the 
scope of surgery in kidney neoplasms. Only correctly per-
formed calculations by this scale made it possible to de-
termine the volume of surgery in all patients correctly. 
283 patients with medium and low risk of complications 
and resectable tumors underwent organ-preserving sur-
gery. The use of the R.E.N.A.L. scale provides a real oppor-
tunity to objectify the indications for nephrectomy and 
organ-preserving operations in patients with renal neo-
plasms.
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Бүйрек ісіктері кезіндегі операция көлемін 

алдын ала анықтау үшін компьютерлік 
томографияның мүмкіндіктері

Өзектілігі: компьютерлік томография көмегімен кішкен-
тай мөлшердегі бүйректің ісіктерін анықтауға болады, бі-
рақ емдеудің хирургиялық тактикасын әрдайым алдын-ала 
анықтау мүмкін емес.

Мақсаты: бүйрек ісіктері үшін хирургиялық араласу кө-
лемін анықтау үшін компьютерлік томография арқылы 
операция алдындағы диагноздың мүмкіндіктерін бағалау.

Нәтижелері: бүйрек ісіктері бар 548 науқас емдел-
ді. Компьютерлік томографияны пайдалана отырып, 
R.E.N.A.L. шкласы негізінде үш топ бөлінді:  бірінші топта 
асқынулардың даму қаупі жоғары– 265 науқас (48,4%), орта-
ша қауіп деңгейі – 107 (19,5%) және төмен деңгейлі қауіп –  
176 (32,1%). Операциялардың барлық жоспарланған көлемі 
асқынулардың және бүйрек ісіктерінің резектабельділігі 
қаупінің белгіленген топтарына сәйкес орындалды, бұл 
ретте операциялық араласулар жоспарында өзгерістер 
болған жоқ. Бүйрек ангиоархитектоникасын және тос-
тағанша жүйесі мен мүше паренхимасына қатынасын 
операция алдындағы бағалау, операция көлемін және 283 
науқаста мүше сақтайтын араласуды және 265 науқаста 
радикалды нефрэктомияны орындау мүмкіндігін анықтау-
ға мүмкіндік берді.

Қорытынды: компьютерлік томография сияқты жоғары 
ақпараттық әдіс аурудың ерте кезеңдерінде шағын бүйрек 
ісіктерін анықтауға, ағзаны сақтау операциясын жасау және 
емдеу нәтижелерін жақсартуға мүмкіндік береді.

Түйінді сөздер: бүйрек қатерлі ісігі, компьютерлік то-
мография, нефрэктомия, бүйрек резекциясы.
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Возможности компьютерной томографии 
для предоперационного определения объема 

операции при новообразованиях почек

Актуальность: При помощи компьютерной томографии 
удается выявить новообразования почек небольших размеров, 
однако хирургическая тактика лечения не всегда может быть 
заблаговременно определена. 

Цель: оценить возможности предоперационной диагнос-
тики посредством компьютерной томографии для определе-
ния объема оперативного вмешательства при новообразова-
ниях почек.

Результаты: Было пролечено 548 больных с новообразования-
ми почек. Нами выделены три группы на основе шкалы R.E.N.A.L. 
с использованием компьютерной томографии: с высоким уров-
нем риска развития осложнений – 265 больных (48,4%), средним 
уровнем риска – 107 (19,5%) и низким уровнем риска – 176 (32,1%). 
Все запланированные объемы операций были выполнены соглас-
но выделенным группам риска развития осложнений и резекта-
бельности новообразований почки, при этом изменений в плане 
оперативных вмешательств не было. Предоперационная оценка 
ангиоархитектоники почки и отношения опухоли к чашечно-ло-
ханочной системе и паренхиме органа позволила определить объ-
ем операции и возможность выполнения органосохраняющих вме-
шательств у 283 больных и радикальную нефрэктомию – у 265.

Заключение: Такой высокоинформативный метод, как 
компьютерная томография, позволяет выявить новообразова-
ния почек небольших размеров на ранних стадиях заболевания, 
когда имеется возможность выполнить органосохраняющую 
операцию и, соответственно, улучшить результаты лечения. 

Ключевые слова: рак почек, компьютерная томография, 
нефрэктомия, резекция почек.
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