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Abstract
Introduction: Our ability to diagnose renal cell carcinoma (RCC) has increased in the past 30 years as a result of
the extensive application of imaging techniques, such as ultrasonography, computed tomography, and magnetic
resonance imaging. Multi-detector computed tomography (MDCT) remains the most appropriate imaging
modality for the diagnosis and staging of RCC. The aim of this work was to compare the findings of MDCT with
surgical pathology to determine the accuracy of delineating tumor size, localization, organ confinement, lymph
node metastases, and the extent of tumor thrombus in the renal vein and inferior vena cava.
Methods: The clinical, surgical, and anatomo-pathologic records of 99 patients treated by nephrectomy (radical
or partial) for solid renal tumors at Theodor Bilharz Research Institute and Nasser Institute from 2005 to 2011
were reviewed retrospectively. All cases were staged pre-operatively with abdominal MDCT (pre- and post-
contrast enhancement) in addition to the routine biochemical, hematological, and radiological work-up. The
tumors’ histologic types were determined according to the WHO classification of renal tumors in adults in 2004,
and staging was updated to the TNM 2010 system. Data were analyzed using the t-test.
Results: The mean age was 52 (range 21-73). Seventy-eight patients were males, and 21 patients were females
(Male/Female ratio: 3.7:1). There were no significant differences in the mean tumor size between radiographic
and pathologic assessments in different tumor stages. The overall incidence of lymph node invasion in surgical
specimens was 76%, whereas MDCT showed a positive incidence in 68.4% of cases (false negative result in 7
cases, 7.6%).
Conclusion: Our findings indicated that MDCT urography is an accurate method to estimate renal tumor size,
lymph node, vascular and visceral metastases preoperatively. Also, preoperative staging of renal tumors with
MDCT represents a valuable and accurate tool.
Keywords: Multi-Detector CT Urography, renal cell carcinoma, staging

1. Introduction
The incidence of renal cell carcinoma (RCC) has been increasing, with RCC currently accounting for about 3% of
all cancers worldwide, with the highest incidence in Western countries (1). It is by far the most common soft tissue
malignant mass, and it accounts for 85% of all malignant masses of the kidney (2, 3). Its incidence has been
increasing in the past 30 years as a result of wider application of imaging techniques, such as ultrasonography,
computed tomography, and magnetic resonance imaging (1). The 2004 World Health Organization classification for
renal neoplasms recognized several distinct histological subtypes of RCC. These subtypes include clear cell
carcinoma (70%), papillary RCC (10%), chromophobe RCC (5%), hereditary cancer syndrome (5%), other rare
tumors (such as multilocular cystic RCC, medullary carcinoma, collecting duct carcinoma, mucinous, spindle cell
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carcinoma, neuroblastoma-associated RCC and Xp 11.2 translocation- TFE3 carcinoma) and other unclassified
lesions (4%) (4). Multi-detector computed tomography (MDCT) remains the most appropriate imaging modality for
the diagnosis and staging of RCC (5). Some investigators also have suggested that enhancement at MDCT may
assist in the discrimination of clear cell RCC from oncocytoma, papillary RCC, and chromophobe RCC (6, 7).
MDCT also can help in the assessment of invasions of the collecting system, since tumors separated or in contact
with the collecting system on execratory phase CT images did not show collecting system invasion on
histopathology (8). All these values of using MDCT for diagnosis and staging and helping to determine the subtypes
of RCC will be useful in planning appropriate surgical treatment. In unresectable primary RCC, changes in selected
CT parameters after two cycles of neoadjuvant Sunitinib might be associated with the potential for surgical resection
(9). The standard treatment for patients with localized or advanced RCC is radical nephrectomy. However, in tumors
that measure less than 4 cm and/or the mass is separated from sinus fat on the CT image, the invasion of muscular
venous branch was decreased. This may help facilitate partial nephrectomy. The objective of this research was to
compare the findings of MDCT i.e., clinical preoperative assessment with surgical pathology, i.e., postoperative
pathological assessment, in order to determine how accurate it is in delineating tumor size, localization, organ
confinement, lymph node metastases, and the extent of tumor thrombus in renal vein and inferior vena cava, thereby
facilitating proper decision making in managing RCC cases.

2. Material and Methods
2.1. Study design and population
In this retrospective study, 99 patients who were treated by either radical or partial nephrectomy for solid renal
tumours at Theodor Bilharz Research Institute and Nasser Institute were included in the study. These patients were
managed during the period from November 2005 to December 2011, and their medical records were reviewed
retrospectively. The study population was comprised of 78 male patients and 21 female patients (Male/Female ratio:
3.7:1) who ranged in age from 21 to 73.

2.2. Data collection
The medical records of all patients included in the study were reviewed regarding full urological, clinical, and
laboratory examination including: 1) history taking (for recent complaint, urinary stones, diabetes, hypertension,
operations and drug allergy), 2) physical examination, and 3) laboratory tests, including complete blood count
(CBC), bleeding profile, biochemical (kidney and liver function), and complete urine analysis.

2.3. MDCT Technique
All patients were staged pre-operatively with abdominal MDCT (pre- and post-contrast enhancement). MDCT
examination of the urinary tract was done according to the following steps:

• Pre-contrast scan for whole urinary tract from kidney to bladder. This phase is important to assess pre-
contrast attenuation of the enhancing masses.

• Injection of 100 ml of non-ionic contrast media using automatic injector at injection rate of 4 ml /sec.
• Arterial scan (corticomedullary): about 25 seconds after the start of intravenous contrast medium injection.

This phase depicts the renal arterial anatomy, status of the renal veins, and early enhancement of the
vascular lesions. Reconstructed maximum intensity projection (MIP) images in this phase revealed CT
angiographic images.

• Nephrographic scan: at 80–120 seconds after the start of contrast medium injection. During this phase the
kidneys are homogenously enhancing, which helps in differentiation between renal masses and normal
parenchyma. This scan also includes the whole abdomen and pelvis to visualize the rest of the urinary tract
and other organs.

• Excretory scan: at 4 - 5 minutes after the start of contrast medium injection. In some cases we used 250 cc
of intravenous saline drip after the nephrographic scan to help in adequate ureteric opacification.

We used two MDCT machines, the first of which was SOMATOM Sensation 16, in the Cairo scan radiology center
for 43 cases, and the second of which was the 4-section CT scanner (Toshiba Asteion Super4 at the Theodor Bilharz
Research Institute) for seven cases. Scan parameters for SIEMENS Sensation 16 Slice CT Scanner are 16 x 0.75-
mm detector collimation, 075-mm slice thickness, 12 mm per rotation table speed, 5-mm reconstruction increment.
In the Toshiba these parameters were 4 x 2.5-mm detector collimations, 2.5 slice thickness, 6 mm per rotation table
speed, 3-mm reconstruction increment. Each examination of the urinary tract consisted of a large number of axial
images in different phases. CT data from the multiple acquisitions were downloaded to an independent workstation
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to obtain thinner slices, and, then, multiplanar images (sagittal and coronal) were generated as well as 3D images,
including maximum intensity projections and volume rendering images. Maximum intensity projections for arterial
phase images give 3D images for the aorta and renal arteries similar to those of conventional angiography, while in
delayed phase, they give 3D images for the collecting system, ureters, and bladder similar to those of the IVU (CT
urography). The tumor’s histologic type was determined according to the WHO classification of renal tumours in
adults 2004 (3), and staging was updated to the TNM 2002 system (4).The student’s t-test was used to compare the
mean radiographic tumour size with the mean pathologic size. Values of p < 0.05 were considered as the threshold
for statistical significance.

3. Results
The mean age was 52 (range 21-73). There were 78 male patients and 21 female patients (ratio 3.7:1).  Four patients
were subjected to partial nephrectomy for angiomyolipoma, and three for oncocytoma. Ninety-two cases were
diagnosed as RCC and were subjected to radical nephrectomy. Histological subtypes were clear cell type in 75
patients, chromophobe cell type in nine patients, papillary cell type in four patients and sarcomatoid in four patients.
Clinical and pathological stages in patients who underwent radical nephrectomy are shown in Table 1. Table 2
shows the mean radiographic and pathologic tumor size in the transaxial diameter. Tables 2 and 3 show that there
were no significant differences in the mean tumor size between the radiographic and pathologic assessments in
different tumor stages (p > 0.05). The overall incidence of lymph node invasion in surgical specimens was 76%,
whereas MDCT showed a positive incidence in 68.4% of cases (false negative result in seven cases, 7.6%). All cases
of renal capsular invasion, suprarenal invasion, and renal vein thrombus were detected radiographically and
confirmed pathologically.

Table 1. Clinical and pathological stages in patients who underwent radical nephrectomy
Stage T3b T3a T2 T1b T1a
Clinical stage 11 18 28 27 8
Pathological stage 11 20 27 28 6

Table 2. Mean radiographic and pathologic tumor size in the transaxial diameter
Variable Tumor size (cm) Mean (SD) n
Radiographic 2.1-15 8.35 (3.24) 92
Pathologic 2.0-15.4 8.45 (3.23) 92

Table 3. Mean tumor size measured radiographically and pathologically in different tumor sizes
Variable Tumor size (cm)

< 4 (n=8) 4-7 (n=27) >7 (n=8)
Radiographic 3.16 ± 0.63 5.59 ± 0.88 10.39 ± 2.21
Pathologic 3.30 ± 0.78 5.73 ± 0.86 10.46 ± 2.25

Data are expressed as mean ± standard deviation

4. Discussion
The most common primary malignancy of the kidney is renal cell carcinoma (RCC), which accounts for 2-3% of all
cancers (1-3). The extensive use of cross-sectional imaging modalities has resulted in the detection of more than
50% of RCCs (1-4). Multidetector computed tomography (MDCT) continues to be the most extensively available
and effective modality for detecting renal cell carcinoma (RCC), and its staging accuracy can be as high as  91%.
With the improvement of the spatial resolution and ability of MDCT scanners to obtain multiplanar and 3D-
reconstructions, the diagnostic performance of CT in characterizing RCC and in estimating the extent of the disease
has been improved significantly. Important information can be obtained by CT examination and used to plan
treatment. It also can be used to locate tumors and determine their size as well as to determine renal arterial and
venous anatomy and their relationship to the pelvicaliceal system (7). When tumors are diagnosed in patients with
RCC, the most important factors are the stage of the tumor, its nuclear grade according to Fuhrman, and its
histologic subtype (1). The patient’s prognosis and survival are affected significantly by stage of the tumor, so
treatment must be planned and implemented with this in mind. The most commonly used method for determining
the stage is the tumor, node, metastasis (TNM) classification system, and there is a close correlation between the
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stage and the potential for curing the disease (1, 9). The latest version of the TNM classification system was
published in 2010 (1, 9).

The treatment of choice since 1969 has been radical nephrectomy with ipsilateral adrenalectomy (1). During the last
few decades, there has been a growing trend for more limited surgical intervention, including adrenal-sparing radical
nephrectomy, laparoscopic nephrectomy, and nephron-sparing partial nephrectomy (1-4, 10-13). Based on surgeon’s
expertise and skills, either an open, pure laparoscopic approach or a robot-assisted approach can be used to perform
partial nephrectomy, and both nephron-sparing surgery (NSS) and radical nephrectomy (14, 15) reportedly have
produced similar oncological outcomes. When it is feasible to use nephron-sparing techniques, the results of our
work show that MDCT can be a safe tool for pre-operative assessment and decision making. This concept was
supported by Athina and Maria 2015 (7), who stated that Multidetector multiphase CT with multiplanar and 3D-
displays, with their high staging accuracy, are the primary imaging modalities for the detection of RCC. CT features
may prove useful in differentiating RCC from benign tumors and help to characterize the histologic subtype of RCC
before the surgery. Chen et al. studied 169 renal tumors treated with NSS and reported that CT overestimated the
sizes of tumors to a greater extent than the histopathology report. But the size difference was only 0.22 cm, which
was of little clinical significance. This suggested that CT is an accurate method for measuring the sizes of renal
tumors before surgery (16). If RCC were diagnosed at an early stage, physicians could plan more conservative
treatment strategies. Computed tomography (CT) is considered to be the best approach for detecting staging of RCC.
With the improvement of the spatial resolution of Multidetector CT (MDCT) and its ability to obtain multiphase
imaging, further improvement in the diagnosis of RCC was made possible by multi-planar and three-dimensional
reconstructions in any desired plane (17). MDCT’s features can allow the differentiation of RCC from benign renal
tumors (18).

5. Conclusions
The overall discrepancy was only 1 mm between the mean radiographic and pathologic sizes of tumors, and
measurement errors did not seem to cause any significant stage shift. Our findings indicate that MDCT urography is
an accurate method that can be used to estimate the sizes of renal tumors, lymph nodes, and vascular and visceral
metastases before surgery. The evaluation of unenhanced CT scans and the enhanced corticomedullary and
nephrogenic phases resulted in 92% sensitivity in the staging of RCC. Thus, the use of MDCT to stage renal tumors
preoperatively makes it a very valuable and accurate tool.
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