
AAiimm  ooff  tthhee  ssttuuddyy::  Radical nephrectomy
in the treatment of renal cell carcinoma
(RCC) remains the gold standard, but
nephron-sparing surgery (NSS) is still
increasing in importance. The main goal
of this study was to compare the diag-
nostic accuracy of ultrasound and mul-
ti-detector computed tomography in
RCC staging and its influence on decid-
ing about further patient treatment.
MMaatteerriiaall  aanndd  mmeetthhooddss::  87 patients (age
range 27–90 years; median 61.5) under-
went ultrasound (US) scan and contrast-
enhanced computed tomography (CE-CT)
of the abdomen and pelvis. 28 patients
were qualified for NSS. The remaining
group of patients underwent nephrec-
tomy. 
RReessuullttss::  NSS was performed more fre-
quently among patients with lesions in
the lower pole of the kidney and there
was no infiltration to the calyx and
renal pelvis. Radical nephrectomy (RN)
was pursued in cases with lesions in the
central or upper pole. Lesion diameter in
patients qualified for NSS was smaller
than in patients qualified for radical
nephrectomy.
CCoonncclluussiioonnss::  Determining the relation-
ship between tumour and adjacent
structures is not a simple matter. Accord-
ing to our study, 50% of CT results dif-
fer from histopathology assessment.
Tumour diameter determined in CT ex -
amination is larger than in ultrasound
and histopathological measurements
while US scanning tends to underesti-
mate tumour size in relation to histo -
pathological assessment.

KKeeyy  wwoorrddss::  renal cell carcinoma, nephrec-
tomy, nephron sparing surgery, US, CT.
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Introduction

Among genitourinary tumours, renal cell carcinoma (RCC) is the third in fre-
quency and the first in morbidity among urological cancers; 3% of all malig-
nant tumours in adults are renal cell carcinomas [1]. Tobacco smoking, expo-
sure to certain chemicals and genetic factors in some cases (von Hippel–Lindau
syndrome) are the most important risk factors [2]. 

Stage, size and localization of the tumour are the most significant prog-
nostic factors influencing survival rate, as the only effective therapy for renal
cell carcinoma is an adequate surgical procedure [3, 4]. Accuracy of cancer stag-
ing is of the greatest importance for preoperative planning and further prog-
nosis. Open nephron-sparing surgery requires knowledge of renal and
tumour vascular supply as well as of the tumour’s relationship to the collecting
system and adjacent normal renal parenchyma, which are essential in map-
ping out an operative strategy [5, 6]. Determining the range of inferior vena
cava invasion is crucial, as it might warrant more extensive surgery in patients
with intraluminal tumour thrombus [7, 8].  

The widespread availability of abdominal ultrasound and computed tomog-
raphy (CT) scanning has increased the diagnosis of incidental renal tumours,
which now comprise the vast majority of new cases diagnosed each year [9].
Due to better availability of two imaging methods, ultrasonography (US) and
conventional tomography (CT), in the last two decades, detection of RCC has
significantly increased. The average size of detected lesions was smaller and
their stage was lower, compared to previous average results. What is more, detec-
tion of asymptomatic lesions is also possible due to application of those two
diagnostic modalities, which further results in a better survival rate [10, 11]. 

Aim of the study 

The aim of this study was to compare the diagnostic accuracy of ultrasound
(US) and multi-detector computed tomography (MDCT) in renal cell carcino-
ma staging. In 1969 a therapeutic standard for renal cell carcinoma was estab-
lished by Robson, who performed radical nephrectomy including ipsilateral
adrenalectomy [3]. With the development of new surgical techniques anoth-
er procedure, open nephron-sparing surgery (NSS), appeared to bring
favourable results [12–14]. At first that procedure was suitable for patients with
a lesion in a solitary kidney or with bilateral tumours. Nowadays, it is approved
in elective cases and considered as a safe and effective surgical procedure,
which is accessible according to recent development of new imaging techniques,
such as MDCT followed by advanced image reconstruction. It allows for accu-
rate estimation of the ratio of tumour dimensions to calyx, renal pelvis and
surrounding tissue [15, 16]. 
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Material and methods

Eighty-seven surgical procedures among patients with
renal tumour (45 men and 42 women) were performed in
2007 and 2008. The patients’ age ranged from 27 to 90 years
(median 61.5). All of the patients underwent staging diag-
nostic examinations including ultrasonography scan US (Fig. 1)
and contrast-enhanced computed tomography (CECT) of the

abdomen and pelvis (Fig. 2). The trans-abdominal gray-scale
US scan was performed using the GE 4 MHz Convex Trans-
ducer with Doppler application. Computed Tomography
was performed using a GE LightSpeed 16-Slice Multidetec-
tor Scanner (290 mAs, 120 kV, 5.0 mm slice thickness, Ultra-
vist intravenous contrast agent – dose 60 ml administered
at a rate of 3 ml/s). After completion of CT examination, the
MPR reconstructions of the axial images were obtained in
the sagittal and coronal planes (Fig. 3).

In both examinations the following features were esti-
mated: tumour diameter (mm), position of the tumour in rela-
tion to the renal pelvis and calices, infiltration of adjacent tis-

FFiigg..  11..  US scans of the abdomen (lesion localised AA – in the lower
pole; BB – in the central part; CC – in the upper pole of the kidney)
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FFiigg..  22..  CT axial images of the abdomen (lesion localised AA – in
the lower pole; BB – in the central part; CC – in the upper pole of
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FFiigg..  33..  Coronal reconstructions of CT images of the abdomen
(lesion localised AA – in the lower pole; BB – in the central part
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FFiigg..  44..  Relation between tumour diameter and type of imaging
modality
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FFiigg..  55..  Tumour diameter vs type of imaging modality. AA – nephron-sparing surgery (NSS); BB – radical nephrectomy (RN)
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sues, presence of thrombus in renal vein and inferior vena
cava, and tumour’s Hounsfield absorption factor before and
after contrast administration. Statistical analysis was per-
formed with STATISTICA vs. 9. In all statistical procedures, 
p < 0.05 was considered significant.

Results

Analysis of our material showed the following results. 
Size of the tumour estimated in ultrasound ranged from 
10 mm to 106 mm (average 49 mm) and in CT from 10 mm
to 120 mm (average 55 mm). 

Tumour diameter determined in CT examination was
greater than in ultrasound and histopathological measure-
ments (Fig. 4).

CT scan tends to underestimate tumour size in relation
to histopathological assessment in patients qualified for rad-
ical nephrectomy and nephron-sparing surgery alike (Fig. 5).

Analyzing the data we found that NSS was performed more
frequently among patients who had lesions localized in the low-
er pole of the kidney (p = 0.014), and radical nephrectomy was



performed in cases of lesions localized in the central part 
(p = 0.11) or upper pole (p = 0.08) of the kidney (Table 1).

Infiltration of the renal collecting system was found in 
33 patients in computed tomography examination. Among
patients qualified for nephron-sparing surgery due to CT
examination results infiltration of the calyx and renal pelvis
was not detected in the majority of cases (p = 0.00), opposite
to radical procedures, where infiltration of the calyces is much
more common (p = 0.02) as well as renal pelvis infiltration
(p = 0.05) (although in the case of renal pelvis infiltration
it was of borderline significance) (Fig. 6).

In CT many factors, including tumour diameter, lesion local-
ization and relation to calyces, were taken into consideration.
In NSS tumour diameter was smaller than in RN (mean value
in NSS was 36 mm while in RN it was 60 mm). CT examina-
tion revealed adjacent tissue infiltration among 10 pa tients (with
2 cases of liver involvement and all other cases of adipose tis-
sue infiltration). However, ultrasound scan confirmed adjacent
tissue infiltration among 4 patients (2 cases of liver infiltration
and 2 cases of adipose tissue infiltration). The pathology report
revealed fibrous capsule infiltration in 17 patients, adipose tis-
sue penetration in 13 patients and liver involvement in 1 patient,
of those who had undergone radical nephrectomy. 

When comparing these two imaging modalities (CT and
US), their ability to detect vessel thrombus presence should
be taken into consideration. 

Discussion

Renal cell carcinoma (RCC), a potentially curable lesion,
is the most common primary renal malignancy. Due to the
importance of early diagnosis and the lack of specific clin-
ical features of RCC, imaging plays a vital role in the diagnosis
and management of RCC [17].

Ultrasound is the first, basic examination which allows
for detection of abnormalities within the kidneys. US usu-
ally is the first imaging technique used to evaluate patients
with suspected RCC. Its accuracy relies on the skill and 
experience of the ultrasonographer and on the patient’s con-
stitution [18]. Lesions which are found accidentally during ultra-
sound examination and are diagnosed as renal cell car cino-
mas are often smaller, better differentiated, of a lower stage,
and have a better prognosis than those diagnosed on the
basis of classic triad symptoms (haematuria, pain, palpable
mass) [19]. 

Acquired data were analyzed and it was found that in ultra-
sound examination we can estimate the size of the lesion,
its echogenicity, and in more advanced cases infiltration of
adjacent structures. However, it is difficult to describe the

relation of the lesion to calices or the renal pelvis or infiltration
of these structures. Despite the constraints of US in providing
a complete evaluation of renal tumours before treatment plan-
ning, initial screening, characterization of renal masses and
staging of RCCs can benefit from some recent advances in
the technique. 

One of the most relevant clinical advantages of US is the
increased early detection of RCCs. Recent technical improve-
ment of grey-scale imaging has enhanced US performance
in the detection of small renal tumours. Ultrasound con-
tributes additional diagnostic information for differential diag-
nosis of some renal masses that remain equivocal in CT,
including atypical cystic lesions and angiomyolipomas with
a minimal fat component. Ultrasound may also provide addi-
tional diagnostic information over CT in selected cases of RCCs
with venous invasion [20]. 

However, the previously mentioned limitations of US were
the main reasons why CT has become another basic
method used for renal lesion characterization. 

Contrast-enhanced CT is a standard imaging modality for
renal tumour staging and for planning the site and area of
resection. It has higher accuracy than ultrasound, especial-
ly in assessment of renal vein lesions and adjacent tissue infil-
tration [21]. CT remains the most appropriate imaging
modality to differentiate benign from malignant lesions.
Although RCC can appear as iso-, hyper- or hypodense lesions
on native CT scans, it usually demonstrates a significant con-
trast enhancement of about 115 HU and intratumoural areas
of necrosis following the intravenous application of contrast
medium [22].
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TTaabbllee  11..  Proportional distribution of lesion localization related to imaging modality and type of surgical procedure

IImmaaggiinngg  mmooddaalliittyy LLeessiioonn  llooccaalliizzaattiioonn  iinn  NNSSSS

UUppppeerr  ppoollee CCeennttrraall  kkiiddnneeyy LLoowweerr  ppoollee PPeerriippeellvviicc  llooccaattiioonn

CT 14.29% 32.14% 53.57% 0%
US 14.29% 32.14% 53.57% 0%

LLeessiioonn  llooccaalliizzaattiioonn  iinn  rraaddiiccaall  nneepphhrreeccttoommyy
UUppppeerr  ppoollee CCeennttrraall  kkiiddnneeyy LLoowweerr  ppoollee PPeerriippeellvviicc  llooccaattiioonn

CT 35.59% 33.90% 22.03% 8.47%
US 29.31% 36.21% 25.86% 8.62%
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Newer imaging modalities have superseded plain-film radi-
ography in the diagnosis of RCC by offering greater sensi-
tivity and specificity in both diagnosis and staging [23]. RCC
can be diagnosed with CT with greater than 95% accuracy.
Once an RCC is detected, tumour staging becomes paramount
for treatment planning [21, 24, 25].

In 2001 the first publication about the application of CECT
in planning NSS for renal cell carcinoma appeared and the
advantages of gap-free reconstructions in volume rendering
and other 3-dimensional post-processing methods were dis-
cussed. This study was focused on the application of mul-
tidetector CECT and ultrasound in the determination of
a tumour’s local extension and infiltration of renal structures
such as veins, arteries and the collecting system.

When deciding whether treatment should be NSS or rad-
ical nephrectomy, one of the deciding factors is the size of
the tumour. Until recently the borderline was set at 4 cm, but
nowadays it is challenged by resecting tumours up to
7 cm. Based on our material we conclude that CT tends to
overestimate size of tumours compared to histopathology
and from this we conclude that borderline tumours should
be measured in 2 or more modalities for the most accurate
size. On the other hand, overestimation of size can be used
as an advantage for the surgeon – when planning treatment
he may assume that the actual size is smaller. Involvement
of the perinephric fat is a key point in planning NSS: if adja-
cent fat tissue infiltration is confirmed, radical nephrectomy
becomes necessary. Perinephric spread of the tumour is the
most difficult aspect in staging renal cell carcinoma. A major
drawback of ultrasound is the fact that it cannot distinguish
perinephric spread. Also, multidetector CECT is not free from
limitations, being unable to sufficiently visualize involvement
of surrounding fatty tissue and other adjacent organs.
That is the main reason for decreased CT accuracy in renal
cell carcinoma staging. At this point we found that 50% of
tumour invasions were falsely analyzed, which leads us to
the conclusion that if there is any risk of fat invasion CT and
ultrasound cannot give accurate information. Further stud-
ies must be undertaken to search for possible factors to
describe in CT examination to distinguish fat invasion.

In conclusion, using ultrasound and computed tomog-
raphy, asymptomatic lesions are detected at an earlier stage
when they are amenable to local excision with preservation
of the normal adjacent parenchyma. With early detection,
better differentiation and the smaller size of these accidentally
diagnosed renal cell carcinomas, NSS becomes a real alter-
native to radical nephrectomy. 

Analysis of our material has led to the conclusion that
lesions localized in the lower kidney pole (confirmed both in
ultrasound and CT) have a better prognosis and more patients
with such a diagnosis could be qualified for nephron-spar-
ing surgery. Tumour location in the central part of the kid-
ney is less advantageous compared to the lower pole due
to the proximity of the renal pelvis which excludes the pos-
sibility of sparing surgery in many cases. Therefore when plan-
ning NSS, determination of the relationship of the tumour
to the calico-pyelo system is highly important. Although
tumour extension into the collecting system is considered
as a relative contraindication for NSS, the necessity of its

reconstruction might be a reason for performing radical
nephrectomy. In our material, collecting system infiltration
was seen in 33 cases based on CT examination, with no lat-
er confirmation in ultrasound, which is consistent with oth-
er studies [26].  

Development of CT and MRI imaging has become a key-
stone in the preoperative planning and staging of renal cell
carcinoma. CT remains the gold standard due to its low cost,
accessibility and – which is very important – high accuracy [27].
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