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Objective: To study the accuracy of CT for staging T3a

(TNM 2009) renal cell carcinoma (RCC).

Methods: Unenhanced and nephrographic phase CT

studies of 117 patients (male:female582:35; age range,

21–86years) with T1–T3a RCC were independently

reviewed by 2 readers. The presence of sinus or peri-

nephric fat, or renal vein invasion and tumour character-

istics were noted.

Results: Median (range) tumour size was 5.5 (0.9–19.0)cm;

and 46 (39%), 16 (14%) and 55 (47%) tumours were

pT1, pT2 and pT3a RCC, respectively. The sensitivity/

specificity for sinus fat, perinephric fat and renal vein

invasion were 71/79%, 83/76% and 59/93% (Reader 1)

and 88/71%, 68/72% and 69/91% (Reader 2) with k50.41,

0.43 and 0.61, respectively. Sinus fat invasion was seen in

47/55 (85%) cases with T3a RCC vs 16/55 (29%) and

33/55 (60%) for perinephric fat and renal vein invasion.

Tumour necrosis, irregularity of tumour edge and direct

tumour contact with perirenal fascia or sinus fat increased

the odds of local invasion [odds ratio (OR), 2.5–3.7;

p,0.05; k50.42–0.61]. Stage T3a tumours were cen-

trally located (OR, 3.9; p50.0009).

Conclusion: Stage T3a RCC was identified with a sensitiv-

ity of 59–88% and specificity of 71–93% (k50.41–0.61).

Sinus fat invasion was the most common invasive feature.

Advances in knowledge: Centrally situated renal tumours

with an irregular tumour edge, inseparable from sinus

structures or the perirenal fascia and CT features of

tumour necrosis should alert the reader to the possibility

of Stage T3a RCC (OR, 2.5–3.9).

Current guidelines1 recommend nephron-sparing proce-
dures (either partial nephrectomy or ablation) for Stage
T1a (,4 cm) renal cell carcinomas (RCCs), but the indi-
cations for nephron-sparing procedures are widening.2

Successful surgical series have been reported with Stage
T1b (,4–7 cm) tumours and even Stage T2 RCCs.3 Central
location is not necessarily a barrier to good clinical out-
come after partial nephrectomy,3 but nephron-sparing
procedures are contraindicated for stage $T3a renal can-
cers.1 Thus, prior accurate recognition of T3a stage is
important, especially with central renal masses, as any pre-
operative suspicion of local invasion should contraindicate
nephron-sparing surgery or ablation.

In the most recent TNM iteration, Stage T1 and T2
tumours are defined by tumour diameter (T1a, #4 cm;
T1b, 4–7 cm; T2a, 7–10 cm; and T2b, $10 cm) and the
absence of any local invasion. Stage T3a RCC was redefined
to include invasion of either renal sinus or perinephric fat.4

Renal vein invasion [main renal vein and/or segmental
(muscle-containing) branch invasion], without caval in-
volvement, was downgraded from Stage T3b to Stage T3a,
whilst adrenal invasion was upgraded from Stage T3a to

Stage T4. Size is not a governing factor with $T3a
tumours, and some renal masses,7 cm in diameter will be
locally advanced. Nearly half of all pT3a RCCs (n5 309/
623) in one study were ,7 cm in diameter.5 Other studies
have confirmed the poor prognostic significance of sinus
fat or venous invasion in masses ,7 cm, with a 4–6 times
increased risk of cancer-related death.6,7 Centrally located
masses are more likely to demonstrate local invasion with pos-
itive surgical resection margins after partial nephrectomy,8,9

and unrecognized sinus invasion may explain the recur-
rence of cancer, and subsequent death from metastatic
disease, in some cases of presumed T1 RCCs.8

However, in previous studies, CT staging has been variably
accurate10–18 for RCCs, and staging inaccuracies, usually
understaging, are said to be most common with Stage T3a
disease.12,17 For venous invasion, the specificity and sen-
sitivity have ranged between 58–97% and 32–96%,10,14–16

and for perinephric infiltration, the figures have been
32–96% and 85–93%,14–16 respectively. The CT accuracy
for sinus fat invasion has not been previously investigated.
The primary aim of this study was to define the accuracy of
contrast-enhanced CT for identifying any of the three
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defining features of Stage T3a RCC, that is, sinus or perinephric
fat invasion, or renal vein invasion. Secondary study objectives
were to identify any tumour characteristics that increase the
odds of T3a disease and may be used as accessory CT signs to
alert the reader to an increased likelihood of local invasion by
RCC.

METHODS AND MATERIALS
Study design
This was a retrospective, cross-sectional study of consecutive
patients who had undergone surgical resection (partial or total
nephrectomy) of RCC after pre-operative staging by CT. Two
radiologists (3 and 18 years’ experience in abdominal radiology)
independently reviewed the pre-operative CT scans on picture
archiving and communication system workstations. The need to
obtain informed consent was waived following discussion with
the institutional review board of our hospital (St George’s
Hospital, London, UK), as this was a retrospective study with no
change in clinical management.

Study population
The electronic pathology database of a university teaching
hospital was searched by a third radiologist for surgically oper-
ated renal tumours between 2005 and 2010. 345 cases were
identified, and these reports were extracted. The pathology
records of our institute routinely record the tumour type, and
the text of the report includes data on the presence of micro-
scopic or macroscopic perinephric fat, and renal vein (main or
muscular branch) and/or renal sinus fat invasion. These were
used as the defining features of Stage T3a disease.4 Patients with
stage T1 or T2 tumours were used as the control group, but
patients with vena cava involvement (Stage T3c disease in the
previous TNM iteration but Stage T3b in the current TNM
classification) or T4 disease were excluded (n5 10 and 14, re-
spectively), as these patients were known to have extensive ve-
nous invasion, had undergone nephrectomy with venous
reconstruction and were not candidates for nephron-sparing
procedures or nephrectomy with curative intent. Those with
incomplete pathological information (e.g. it was not stated
whether fat invasion was either perinephric or sinus, or both) or
of non-RCC pathology (benign or malignant, for example,
oncocytoma or transitional cell carcinoma) were also excluded
(n5 57). Patients who had undergone pre-operative MRI for
staging (n5 34) or had only a single-phase CT (e.g. no unen-
hanced study), or those who had had a CT scan more than
3 months before the operation were also excluded (n5 113). A
total of 117 patients were recruited, and all cases had been
deemed suitable for either nephron-sparing procedures or ne-
phrectomy with curative intent. No patient had undergone renal
tumour biopsy or renal intervention prior to the CT study. The
study cases were assigned a unique number, and their clinical
and radiological data were anonymized.

CT examination
In all cases, unenhanced and nephrographic or portal-venous
phase studies were evaluated at a slice thickness of 3mm. Each
patient had received 100ml of intravenous iodinated contrast
medium (iodixanol 300 or iohexol 300) injected at a rate of
3ml s21. To reduce measurement error and to standardize

methods, the axial enhanced images were used for primary
diagnostic interpretation, and the other planes were used for
supportive information. Some patients had additional studies,
for example, arterial or excretory phase CT, but these were not
used for study analysis.

Data collection
The two readers were blinded to the clinical and pathological
information, and there was no consensus reading. First, the
reader evaluated each study for the presence or absence of sinus
fat, perinephric fat or venous invasion. The primary CT di-
agnostic sign for sinus fat infiltration was an ill-defined or ir-
regular margin between the central tumour edge and any part of
the renal sinus fat, and/or enhancing tumour tissue seem within
the sinus fat. Perinephric fat invasion was diagnosed if an ill-
defined or irregular margin was seen between the peripheral
tumour edge and the perinephric fat and/or enhancing tumour
tissue was seem within the perinephric fat, and the definition of
venous invasion was an intraluminal filling defect seen within
a segmental (branch) or main renal vein on the post-contrast
studies. Next, any potentially useful secondary diagnostic CT
features were looked for. Some of these signs (e.g. nodules in the
perinephric space) have already been reported in the existing
literature, whilst others were novel signs that the authors con-
sidered potentially useful for the diagnosis of T3a disease; for
example, the thickness of perirenal fascia, asymmetric peri-
nephric vascularity, perinephric septation or stranding and/or
nodularity, and these definitions are given in Table 1. A stan-
dardized data sheet was formulated and the presence or absence
of each CT sign described above was scored on a four-point
scale (1, definitely present; 2, probably present; 3, probably
absent; and 4, definitely absent). The location of the tumour
was also noted to study whether this had a bearing on the
likelihood of local invasion. Polarity was defined according to
the level of the upper and lower pole calyces and listed as upper
polar, interpolar or lower polar (similar to that used for the
RENAL nephrometry score19). A tumour was deemed centrally
located if .50% of the tumour volume was considered en-
dophytic in location, as also defined in the nephrometry
score.19 For consistency, tumour size was measured in the axial
plane only.

Data analysis
Study data were entered onto a common spreadsheet and used
to generate summary statistics. Using the pathological findings
as the “truth” data, the performance (sensitivity and specificity)
of each reader for CT staging of sinus or perinephric fat, or renal
vein invasion, was calculated using contingency tables (Fisher’s
test), and the inter-rater agreement was explored by calculating
the weighted Cohen k score. To explore the secondary aims of
the study, two groups were defined—those with #T2 stage
disease and those with T3a tumours. The value of the various
CT signs for predicting renal vein, perinephric or sinus fat in-
vasion were studied by calculating the odds of sinus or peri-
nephric fat, or renal vein invasion in the presence of a given CT
sign. For this, all signs scored as definitely or probably present
(Scores 1 or 2) were grouped together as test positive (or feature
present) and those with Scores 3 or 4 were grouped as negative
(or CT sign not present) and entered into a 23 2 contingency
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Table 1. Tumour characteristics and the odds of local invasion by renal cell carcinoma on CT

Tumour characteristica Venous invasion Sinus fat invasion Perinephric fat invasion k (95% CI)

Tumour necrosisb

Number of cases 13/30 21/30 10/30

OR (95% CI), p-value 0.95 (0.45–2), 0.9 0.94 (0.5–1.8), 0.8 0.38 (0.18–0.85), 0.01 0.61 (0.45–0.67)

Irregular tumour edgec

Number of cases 22/24 34/24 23/24

OR (95% CI), p-value 3.1 (1.5–6.4), 0.007 1.8 (1.03–3.14), 0.04 3.2 (1.6–6.4), 0.001 0.5 (0.38–0.62)

Tumour reaches up to the perirenal fasciad

Number of cases 13/15 21/15 15/15

OR (95% CI), p-value 2.6 (1.1–6.1), 0.02 2.2 (1.05–4.5), 0.04 2.8 (1.3–6.4), 0.01 0.46 (0.3–0.6)

Tumour reaches up to the sinus structurese

Number of cases 26/53 64/53 25/53

OR (95% CI), p-value 1.4 (0.71–2.65), 0.35 3.4 (1.86–6.1), 0.001 1.17 (0.61–2.24), 0.6 0.42 (0.29–0.49)

Thickened perirenal fasciaf

Number of cases 19/17 23/17 19/17

OR (95% CI), p-value 3.7 (1.7–8), 0.0008 2.14 (1.1–4.3), 0.03 3.5 (1.63–7.5), 0.001 0.24 (0.01–0.34)

Accentuated perinephric septationg

Number of cases 20/25 37/25 20/25

OR (95% CI), p-value 2.5 (1.2–5.1), 0.01 2.8 (1.5–5.1), 0.001 2.4 (1.17–4.8), 0.02 0.09 (0.02–0.17)

Accentuated perinephric strandingh

Number of cases 29/50 50/50 33/50

OR (95% CI), p-value 1.9 (0.1–3.7), 0.05 1.8 (1.1–3.2), 0.03 1.6 (0.86–2.9), 0.4 0.21 (0.09–0.32)

Increased perinephric vascularityi

Number of cases 33/52 54/52 29/52

OR (95% CI), p-value 2.5 (1.2–5), 0.008 2.1 (1.18–3.6), 0.01 1.1 (0.63–2.12), 0.65 0.19 (0.1–0.28)

Perinephric nodulesj

Number of cases 3/1 4/1 3/1

OR (95% CI), p-value 7.5 (0.7–74), 0.08 5.6 (0.6–51), 0.12 17 (0.86–336), 0.06 0.2 (0.1–0.4)

Calcification

Number of cases 13/30 21/30 10/30

OR (95% CI), p-value 0.95 (0.45–2), 0.9 0.94 (0.5–1.8), 0.8 0.38 (0.18–0.85), 0.01 0.65 (0.5–0.8)

CI, confidence interval; OR, odds ratio.
aThe definition of each tumour characteristic studied is given below. The figure for number of cases relates to the number of times both readers cited
that the given CT characteristic was present. The first figure relates to the number of times this was seen in those with pathological evidence of venous
invasion, sinus fat or perinephric fat invasion as appropriate. The second figure is the number of times the same CT characteristic was noted in those
without invasive disease. From these figures, the odds ratio was calculated (see text for further details).
bAn irregular, poorly enhancing and heterogeneous cavity within the tumour on post-contrast studies.
cIrregular or poorly defined edge of the tumour when compared with the adjacent or contralateral normal renal capsule or sinus structures.
dThe tumour edge is inseparable from the anterior or posterior renal fascia.
eTumour abuts and/or invades the central sinus structures (e.g. calyx/infundibulum/renal pelvis) with no definable intervening normal renal
parenchyma.
fPerirenal fascia subjectively thicker when compared with the contralateral perirenal fascia.
gSubjectively increased linear structures perpendicular to the renal outline when compared with the contralateral perinephric space.
hSubjectively increased linear structures parallel to the renal outline when compared with the contralateral perinephric space.
iPerinephric vascularity subjectively greater than the contralateral perinephric space.
jDiscrete nodules within the confines of the perinephric space, but not medial to the renal hila (which were interpreted as lymph nodes).
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table (Fisher’s test) to calculate the odds ratio (OR). To further
explore the practical diagnostic value of these various signs, the
agreement between the two readers regarding the presence (or
absence) of any given sign was measured. For this, the two
readers’ scores were used to calculate the inter-rater agreement
(k score) for any given CT feature. A p-value of #0.05 was con-
sidered a statistically significant finding. For inter-rater agreement,
a k score #0.40 was taken as poor agreement; 0.40–0.59 as
moderate agreement; 0.60–0.74 as good agreement; and $0.75 as
excellent agreement. Figures for k are given with 95% confidence
intervals (95% CIs). MedCalc for Windows v. 11.3.3 (MedCalc
Software bvba, Ostend, Belgium) was used for statistical analysis,
and the statistical test used is given where appropriate.

RESULTS
The male:female distribution was 82:35, and the age range of the
patients was 21–86 years. The median (range) size of the 117
tumours was 5.5 cm (0.9–19 cm). 11 patients had papillary
RCC, 82 had clear-cell RCC, 8 proved to have chromophobe
RCC and the rest were of miscellaneous cell type. According to
their histology, 15 (13%) tumours were Stage pT1a, 31 (26%)
Stage pT1b, 16 (14%) were Stage pT2 and the rest (n5 55; or
47%) were Stage pT3a cancers. In those samples staged as T3a
cancer, sinus fat invasion was most common and seen in 47/55
(85%) samples; venous invasion was found in 33/55 (60%); and
perinephric fat infiltration was found in 16/55 (29%). Some
samples had more than one invasive feature; most commonly,
simultaneous sinus fat and venous invasion (seen in 24/55
samples). Only a minority (10/55) had evidence of both central
and peripheral invasion (i.e. the perinephric fat as well as the
sinus fat and/or veins). Gender [male:female5 15:47 and 20:35
for Stages T1–2 and Stage T3a tumours, respectively (p5.0.05,
Fisher’s test)] and tumour laterality were not significant risk
factors for Stage 3a disease [right:left5 30:32 and 25:30 for
Stages T1–2 and Stage T3a tumours, respectively (p$ 0.05,
Fisher’s test)]. As expected, median tumour size in the Stage T3a
group was significantly larger [median (range) being 4.5 cm
(0.9–14.0 cm) vs 8 cm (2.5–19.0 cm) for Stage T1–2 and Stage
T3a tumours, respectively; p5 0.002; Mann–Whitney test], but
the range of sizes overlapped and 20/55 (36%) Stage T3a
tumours were ,7 cm in diameter (of which 5/20 were ,4 cm in
diameter).

Accuracy of CT for the identifying sinus fat,
perinephric fat or renal vein invasion
The performance of each reader for identifying the three di-
agnostic features of Stage T3a disease on CT is given in Table 2.
There was a moderate to good inter-rater agreement between
the two readers with agreement being best for venous invasion
with a k value of 0.61 (0.40–0.70). The k values for sinus fat and
perinephric fat invasion were 0.41 (0.21–0.48) and 0.43
(0.17–0.48), respectively.

Accessory CT signs useful for predicting
local invasion
Tumour necrosis, tumour edge reaching up to and inseparable
from the renal sinus structures, a perceived irregularity of the
tumour edge or accentuated perinephric septa and stranding,
thickening of the perirenal fascia or increased perinephric

vascularity significantly increased the odds of local invasion
(OR5 1.5–3.4; p5,0.05; Table 1). These accessory signs
are illustrated in Figures 1–7. However, only a few of these
can be considered clinically useful or reproducible. Inter-rater
agreement was best for recognizing tumour necrosis (k5 0.61),
followed by a perceived irregularity or poor definition of the
tumour edge (k5 0.50) and direct contact with the perirenal
fasciae (k5 0.46) or sinus structures (k5 0.42). The 95% CI of
these k values are given in Table 1. The agreement regarding the
other signs was either poor or very poor (k# 0.39 for all;
Table 1). Most of the features commonly seen with venous in-
vasion were also associated with sinus fat invasion (Table 1) and
should be considered jointly as signs of central invasion
(Figure 5).

Table 2. Performance of readers for the identification of sinus
fat, perinephric fat or renal vein invasion by renal cell carcinoma
on contrast-enhanced CT scans

Reader Invasive feature Sensitivity Specificity

Reader 1

Sinus fat invasion 71 (58–84) 79 (67–88)

Perinephric fat
invasion

83 (62–95) 76 (66–84)

Venous invasion 59 (39–77) 93 (84–98)

Reader 2

Sinus fat invasion 88 (76–96) 71 (38–63)

Perinephric fat
invasion

68 (36–77) 72 (62–84)

Venous invasion 69 (48-85) 91 (83–96)

Figures are given as percentage (with 95% confidence interval).

Figure 1. A 71-year-old female with clear-cell renal carcinoma

with microscopic venous and sinus fat invasion and macro-

scopic perinephric fat invasion. An irregular tumour edge and

thickened perirenal fascia are seen (long arrows), and these CT

features were found to be significantly more common in those

with perinephric fat invasion. Medially, the tumour edge is seen

to be in contact with the renal sinus (short arrow). This is a risk

factor for sinus fat and/or venous invasion.
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Performance regarding microscopic vs macroscopic
T3a disease
Microscopic local invasion (fat or venous invasion) was the sole
histological evidence of T3a stage in 25/55 (45%). Microscopic
sinus fat invasion in 14 samples, venous invasion in 6 masses
and microscopic perinephric disease in 5 cases. Because of the
small numbers, it was not possible to meaningfully compare the
readers’ performance regarding macroscopic vs microscopic
disease, but both readers identified only a minority of cases with
microscopic disease; for example, microscopic sinus fat invasion
was predicted in only 5/14 and 6/14 cases by Readers 1 and 2,

respectively. Performance in identification of main renal vein
invasion vs branch vein involvement was also not evaluated as
the numbers were also small.

Location of tumour and likelihood of local invasion
The polar position was found to be not important, but Stage T3a
tumours were more likely to be centrally located—28/55 vs 13/62
for Stage T3a vs Stage T1–2 stage tumours, respectively [OR
3.9 (1.7–8.2); p5 0.0009; Fisher’s test]. Centrally located
tumours were also more likely to infiltrate sinus fat rather
than the veins—of the 28/55 centrally situated Stage T3a
tumours, 26 had sinus fat invasion and 16 showed venous
invasion (some of the samples had both fat and venous
invasion).

DISCUSSION
The three diagnostic features of Stage T3a RCC were identified
on CTwith a sensitivity of 59–88% and specificity 71–93%. The
highest sensitivity was recorded for sinus fat invasion and the
best specificity for renal vein invasion. But performance varied
according to the type of invasion and reader. Renal vein invasion
demonstrated the best inter-rater agreement (k5 0.61), and
these aspects are further discussed below. The presence of tu-
mour necrosis, tumour edge irregularity, direct perirenal fascial
or sinus fat contact by the tumour, thickened perirenal fascia
and accentuated perinephric stranding increased the odds of
local invasion. However, of all these features, only tumour ne-
crosis, an irregular tumour edge and contact with the renal fascia
or sinus fat had a moderate or good inter-rater agreement
(k5 0.42–0.61). Size was not a reliable indicator of T3a stage, as
over a third (36%) were ,7 cm in diameter, but centrally situ-
ated tumours were significantly more likely to be locally invasive
(OR, 3.9) and also more likely to invade sinus fat rather than the
veins.

Sinus fat invasion by locally advanced RCC has been the focus of
many recent clinical outcome studies.6,20–25 It is recognized as
a common sign of Stage T3a RCC and signifies a poorer
prognosis,6,20,21 hence its recent inclusion into the TNM

Figure 2. A 64-year old male with a 6-cm grade 4 clear-cell renal

carcinoma with sarcomatoid elements and macroscopic sinus

fat invasion, microscopic perinephric invasion and no venous

involvement. The tumour abuts sinus fat (long arrow) and the

perirenal fascia (short arrow). Contact with the perirenal fascia

was a risk factor for perinephric invasion (see text).

Figure 3. A 47-year-old female with a Type I papillary renal cell

carcinoma, nuclear grade 2 who underwent total left nephrec-

tomy. The tumour abuts the sinus fat, and microscopic sinus fat

invasion was the only invasive feature on histology.

Figure 4. Axial post-intravenous contrast-enhanced CT image

demonstrating a 7-cm, grade 2 right renal cancer with

microscopic sinus fat invasion but no venous or perinephric

fat invasion on histology. The mass is seen to reach up to and

efface the sinus structures. The perinephric space and the

perirenal fascia are normal.
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classification. Yet, invasion of sinus fat has not been investigated
in the radiological literature. Previous studies have looked at
perinephric fat involvement alone.12–16,26,27 Hallscheidt et al15

explored central invasion by RCC and reported a sensitivity of
75–100% with specificity of only 41–58%, but only a few of their
cases actually had central invasion (n5 11/56), and they did not
separate sinus fat from venous invasion. Using an ill-defined or
indistinct margin between medial tumour edge and the sinus fat
as the primary CT diagnostic sign, we identified sinus fat in-
vasion with a sensitivity of 71–88% and specificity of 71–79%
(Figures 1–4). It was also more common than perinephric fat
invasion, which has also been noted before in surgical series;24

but we suggest that sinus fat invasion and venous invasion

should be approached jointly, as they commonly coexist (in 43%
of cases in our study).

The reported accuracy of CT for detecting perinephric fat has
been 32–64%;15,27 with sensitivity of 32–96%16,27 and specificity
between 85% and 93%.14,16 In our series, perinephric fat in-
vasion was identified with a specificity of 72–76% and sensitivity
of 68–83%. It was more common if the tumour was necrotic
with an irregular capsule and was inseparable from a thickened
perirenal fascia (Figures 2 and 6). Perinephric nodules have been
reported to be a highly specific sign of perinephric invasion,17

but the practical value of this sign is debatable, as it was an
uncommon sign in our series. Perinephric nodules were seen in
only five cases in our series and were too few for meaningful
analysis.

Regarding CT staging of venous invasion, specificity of
58–97%,10,14,15 sensitivity 78%10 and accuracy of between 75%
and 100%12,13,16 have been reported, but these figures refer to all
grades of venous invasion, including caval involvement. Some
studies have even specifically excluded intra-renal vein in-
vasion.11 The most recent study in the literature focused on
branch vein invasion only28 and reported a sensitivity of 94%
but a specificity of only 30%. Our results relate to either seg-
mental or main renal vein invasion and lie in the mid-range,
with a specificity of 91–93%, but sensitivity was lower at
59–69%. A filling defect in the renal vein,17 tumour thrombus
enhancement (a surrogate sign of neovascularity), venous en-
largement18 and contiguity with the primary tumour are de-
scribed CT signs of renal vein invasion. We also have shown that
the presence of suspected sinus fat invasion, numerous perinephric
septa, stranding or vascularity and thickened perirenal fascia, es-
pecially in the presence of a necrotic and irregular tumour edge,
should alert the radiologist to more critically evaluate the renal
veins. Karlo et al28 found that tumour edge abutting the sinus fat
was a good CT indicator of branch renal vein invasion, and our
data support the value of this accessory CT sign (Figure 7).

The current European guidelines1 list nephron-sparing proce-
dures as the first choice for T1 tumours and as second choice for
Stage T2 tumours, if technically feasible and particularly in those
with a solitary functional kidney. For Stage T3 or T4 tumours,

Figure 5. A 47-year-old male who underwent right total

nephrectomy. The tumour proved to be a 5.6-cm grade 4,

clear-cell renal carcinoma (eosinophilic variant). Microscopic

sinus fat and venous invasion were found. There was no

perinephric fat invasion. Sinus fat and venous invasion were

found to often coexist in our study.

Figure 6. A 42-year-old female who underwent total left nephrectomy for a grade 3, clear-cell renal cancer. Macroscopic venous,

perinephric fat and sinus fat invasions were found. These two axial contrast-enhanced CT images demonstrate left renal vein

invasion (short arrow) and nodular breach of the renal capsule (long arrow). The images show tumour necrosis, increased stranding

of the perinephric fat, thickening of the perirenal fascia and tumour edge abutting the perirenal fascia and sinus structures, and all

these features are associated with an increased likelihood of Stage T3a disease.
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the recommendation is for total nephrectomy. Thus, any ra-
diological suspicion of local invasion would have a significant
impact on treatment recommendations, and we have shown that
local infiltration can be identified with good accuracy using the
primary diagnostic signs as used in this study. Moreover, we
have shown that many small central masses will be locally in-
vasive, most commonly invading the sinus fat. Central location also
has a bearing on the surgical suitability for partial nephrectomy.
Scoring systems such as the RENAL nephrometry scale,19 or the
PADUA or centrality index29 can be used to predict the likelihood
of post-operative complications. These systems were developed to
assist surgical planning, but have been reported to have some use
for predicating tumour aggressiveness.

Some limitations of our study merit discussion. Firstly, this is
a retrospective study with modest study numbers. The study
group was also selected from a larger cohort. The reasons for
exclusion are given above, and the most common was non-
availability of both an unenhanced and a nephrographic series,

as the presence of both studies was felt to ensure better evalu-
ation of local invasion. Those with vena cava involvement were
also excluded, as these cases would have biased the study in
favour of local invasion and these patients were not candidates
for nephron-sparing procedures. Those with CT studies more
than 3 months were also excluded, but although as a group the
excluded cases were not statistically different in their overall
demographics, we cannot discount the possibility of selection
bias, and further studies are needed to confirm our findings.
Also, the diagnostic value of the described secondary CT signs
needs confirmation.

The figures presented here also represent the performance with
a two-phase CT protocol (unenhanced and portal/venous or
nephrographic phase). The best staging performance for peri-
nephric fat infiltration has been reported by Catalano et al16 who
used a four-phase (unenhanced, arterial, nephrographic and
excretory phase) CT study, reconstructed at 1-mm thickness,
and found a 95% staging accuracy (they did not evaluate either
intra-renal venous invasion or sinus fat infiltration). These ex-
cellent figures have not been replicated in any published series
but suggest that staging of RCC demands a more comprehensive
CT protocol than that used for diagnosis of renal masses. To
subject every patient with suspected RCC to a full four-phase
protocol from the outset would be impractical and excessively
irradiating, but a case could be made for recalling those with
small central masses being considered for nephron-sparing
procedures for a dedicated multiphase staging study. The pos-
sibility that dedicated renal staging studies, such as the full four-
phase study as described above, can better stage RCC, especially
microscopic Stage T3a disease, where both readers performed
poorly, merits further study.

In summary, sinus fat invasion is the commonest locally invasive
feature of RCC, followed by venous and perinephric fat in-
filtration. These features of Stage T3a RCC can be identified with
a sensitivity of 59–88% and specificity of 71–93% on contrast-
enhanced CT scans in the portal venous or nephrographic phase.
Some secondary CT signs may assist staging. Perceived tumour
necrosis, or an irregular or ill-defined tumour edge that is in-
separable from the sinus structures or the perirenal fascia should
alert the radiologist to the possibility of local invasion, especially in
the presence of a centrally located renal mass, even if it is small.
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