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Abstract
Background: To describe the appearance of renal
masses during multiphase helical computed tomography
(CT) acquisition and evaluate the impact of a cortical
nephrographic phase on diagnosis.
Methods: The CT examinations of 33 patients with 37
lesions [18 renal cell carcinomas (RCC), nine solid tu-
mors, 10 cystic lesions] were reviewed to characterize
renal masses during four phases of CT scanning: plain,
cortical nephrographic, tubular nephrographic, and py-
elographic. Two reviewers analyzed all lesions on the
complete data set, and a third reviewer analyzed three
combinations of images separately: (1) plain and tubular
nephrographic phases, (2) plain and cortical nephro-
graphic phases, and (3) three phases combined. Re-
ceiver operating characteristics (ROC) curves were gen-
erated to determine the respective value of each
combination in lesion characterization.
Results: During the cortical nephrographic phase, hy-
perdensity of solid renal masses was 100% specific and
22% sensitive for RCC, whereas combining hyperdense
and isoattenuating heterogeneous masses was 91% spe-
cific and 56% sensitive. ROC curves demonstrated a
sensitivity of 85%, 90%, 100% for the three combina-
tions, respectively, with a constant specificity of 88%
for diagnosing RCC.
Conclusion: The cortical nephrographic phase is useful
to characterize renal masses and should be included in
the routine helical CT protocol.
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Computed tomography (CT) is considered to be the op-
timal imaging modality to detect and stage renal cell
carcinoma (RCC) [1–7]. The diagnostic accuracy of CT
is reported to be close to 95%. Characterization of a
renal mass on CT relies on several factors, among which
the definite demonstration of enhancement is the most
significant [2–5, 8–14]. The standard accepted protocol
for CT evaluation of renal masses consists of both plain
and enhanced images, typically acquired during the tu-
bular nephrographic phase of excretion of contrast ma-
terial [2–4, 7, 10, 12, 14–18]. Before helical CT, char-
acterization of a renal mass also often relied on a
dynamic sequence performed at the level of the tumor,
without incrementation [19]. However, with this tech-
nique, the information is limited to a single level, and
there is a risk of misregistration artifact, especially for
small tumors. Recently, investigators have evaluated the
usefulness of helical CT in the detection of renal masses
during the cortical nephrographic (corticomedullary),
tubular nephrographic (nephrographic), and pyelo-
graphic phases of excretion of intravenous contrast [18,
20–23]. However, no study has specifically evaluated
the value of an early cortical nephrographic phase ac-
quisition in addition to the usual tubular nephrographic
phase acquisition.

The purpose of this study was twofold. The first
objective was to describe the appearance of renal
masses during a multiphasic helical CT acquisition
including plain, cortical nephrographic phase, tubular
nephrographic phase, and pyelographic phase acqui-
sitions. The second objective was to evaluate the
value of an added cortical nephrographic phase ac-
quisition to accurately diagnose RCC by using re-
ceiver operating characteristic (ROC) curves gener-
ated from data obtained after evaluation of three
separate combinations of image sets: (1) plain and tu-
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bular nephrographic phases combined, (2) plain and
cortical nephrographic phases combined, and (3) all
three phases combined.

Materials and methods

All CT examinations indicated to evaluate known renal masses and
performed with helical multiphasic acquisition between May 1993 and
July 1995 were reviewed to characterize the appearance of renal
masses during four phases of CT acquisition: plain images, cortical
nephrographic phase, tubular nephrographic phase, and pyelographic
phase. From a total of 48 examinations, 15 were subsequently ex-
cluded: 12 patients were lost to follow-up, and three studies were
technically suboptimal. The 33 remaining examinations were included
in the study. The patient population included 18 women and 15 men,
with a mean age of 60 years, and a range of 19–78 years. Twenty-
nine patients had a single lesion, and four patients had bilateral lesions,
for a total of 37 lesions.

The lesions were distributed as follows: 18 RCC, one urothelial
transitional cell carcinoma, one metastasis from primary lung adeno-
carcinoma, one oncocytoma, four angiomyolipomas, two abscesses,
three complicated renal cysts, and seven simple renal cysts. All di-
agnoses were confirmed by pathology (20 lesions), percutaneous bi-
opsy (two lesions), history (one lesion), or a combination of imaging
techniques with follow-up and correlative imaging studies (ultraso-
nography, magnetic resonance imaging: 14 lesions) [24–26]. The size
of the lesions was distributed as follows: 16 lesions, including five
RCC, measured less than 3 cm; 12 lesions, including six RCC, mea-
sured between 3 and 5 cm; and nine lesions, including seven RCC,
were more than 5 cm.

The CT examinations were performed with a Toshiba TCT 900
SX (Toshiba Medical Systems, Tustin, CA). All patients were given
intravenous contrast. Both ionic (n Å 17) and nonionic (n Å 16) con-
trast media were used according to our institutional guidelines on the
use of nonionic contrast material. All injections were performed from
an antecubital venous approach, with the use of a power injector (MCT
200, Medrad, Pittsburgh, PA). The volume of injected intravenous
contrast was calculated according to the patient’s weight, with a mean
volume of 1.91 mL per kilogram (range Å 1.2–2.25 mL/kg) and a
mean total quantity of delivered iodine of 43.6 g per patient (average
Å 0.56 g/kg). The mean rate of injection was 5.8 mL per second (range
Å 3–6 mL/s). The delays between the initiation of the injection and
the initiation of the cortical nephrographic and tubular nephrographic
phase acquisitions were 20.5 s (range Å 15–30 s) and 76.3 s (range
Å 54–109 s), respectively. The pyelographic phase acquisition was
available for 27 renal lesions. Images of the lesions during all phases
were photographed by using a window level and width of 30 HU and
400 HU, respectively, and printed on separate sheets (15 images/sheet)
with a digital camera system. For all 37 lesions, several density mea-
surements were made available to the reviewers on hard copies. In-
formation regarding the patient’s identity was removed.

Three reviewers, specializing in abdominal imaging and blinded
to the clinical symptoms, to other imaging studies, and to the final
outcome, contributed to the study. Two reviewers were provided with
the complete sets of images and independently analyzed all lesions to
collect detailed information relative to the appearance of each indi-
vidual lesion at all phases of acquisition [4, 10, 11]. Lesions with
cystic components were separated from the solid ones and described
according to standard guidelines [11]. Data were recorded on a data
sheet for each lesion. A third independent reviewer analyzed three
combinations of images separately: (1) plain and tubular nephro-
graphic phases combined, (2) plain and cortical nephrographic phases
combined, and (3) all three phases combined. The sets of images were
presented randomly, with each review session being scheduled with
at least a 1-week time interval. The reviewer was asked to assign a

score relating to the likelihood of RCC of each renal mass: 1 Å def-
initely benign, 2 Å probably benign, 3 Å indeterminate, 4 Å probably
malignant, and 5 Å definitely malignant. ROC curves were generated
from this data to determine the respective value of each combination
of phases in the characterization of RCC.

Results

Twenty-six of the 37 lesions appeared diffusely solid,
including 17 RCC, one urothelial transitional cell car-
cinoma, one metastasis from primary lung adenocarci-
noma, one oncocytoma, four angiomyolipomas, and two
abscesses. The 11 remaining lesions either appeared to
be cystic or had a cystic component and included one
RCC, three complicated renal cysts, and seven simple
renal cysts.

The mean enhancement of the renal cortex (or par-
enchyma) was 146, 150, and 88 HU during the cortical
nephrographic, tubular, and pyelographic phases, re-
spectively.

Of the solid-appearing lesions, the mean enhance-
ment of RCC (n Å 17) and other solid masses (n Å 9)
were 115 HU (95% confidence interval [CI]: 79–151
HU) and 51 HU (CI:03–105), respectively. During the
tubular nephrographic phase, the mean enhancements
of solid-appearing RCC and other solid masses were 76
HU (CI: 57–96) and 54 HU (CI: 25–84), respectively.
During the pyelographic phase, the mean enhancements
were 49 HU and 35 HU. The difference in enhancement
of RCC between the cortical nephrographic and tubular
nephrographic phases was 39 HU, and the difference of
mean enhancement of RCC between the cortical ne-
phrographic and pyelographic phases was 66 HU, and
27 HU between the tubular nephrographic and pyelo-
graphic phases.

During the cortical nephrographic phase, the mean
enhancement of the solid portion of the cystic RCC (n
Å 1) was 88 HU and 4 HU (CI: 02.6–11) for other
cystic lesions (n Å 10). During the tubular nephro-
graphic phase, the mean enhancements were 44 HU and
7 HU (CI: 1.7–11.5), respectively. During the pyelo-
graphic phase, the mean enhancements were 29 HU and
7 HU, respectively. The difference of mean enhance-
ment of the RCC was 44 HU between the cortical neph-
rographic and tubular nephrographic phases, 59 HU be-
tween the cortical nephrographic and pyelographic
phases, and 15 HU between the tubular nephrographic
and pyelographic phases. When all 18 RCC were con-
sidered, four (22%) demonstrated a maximum enhance-
ment superior to that of the adjacent normal cortex dur-
ing the cortical nephrographic phase (Fig. 1A–D),
whereas seven (39%) were isodense to the renal cortex
({10 HU) (Fig. 2A–B). None of the other lesions (n Å
19) was denser than renal cortex, and one oncocytoma
was isodense to renal cortex. During the tubular neph-
rographic phase, one initially hyperdense RCC became
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Fig. 1. Renal cell carcinoma. The mass is denser than normal cortex
during the cortical nephrographic phase (A, B) and hypodense

during the tubular nephrographic phase (C, D).

isodense to renal parenchyma, and the remaining three
became hypodense. Six of the seven RCC that were iso-
dense during the cortical nephrographic phase became
hypodense to renal parenchyma, and one lesion re-
mained isodense. The oncocytoma remained isodense
to renal parenchyma during the tubular nephrographic
phase (179 HU vs. 191 HU). Seven of 18 (39%) RCC
were hypodense on both cortical nephrographic and tu-
bular nephrographic phases. Hyperattenuation of a mass
during the cortical nephrographic phase was 100% spe-
cific in diagnosing RCC but only 22% sensitive. In-
cluding both hyperattenuating and isoattenuating
masses, the specificity was 92%, with a sensitivity of
61%. Comparing the maximal enhancement of renal
masses during both cortical and tubular nephrographic
phases, 12 of 18 (67%) RCC demonstrated a decrease
in attenuation equal or superior to 10 HU, indicating
wash-out of the intravenous contrast. Four lesions re-
mained isodense (less than {10 HU variation), and two
lesions had a higher attenuation value during the tubular
nephrographic phase (Fig. 3A–B). On both cortical and
tubular nephrographic phases, 16 of the 18 RCC (89%)

were heterogeneous and two RCC (11%) were homo-
geneous. The presence of heterogeneous enhancement
was therefore 89% sensitive in diagnosing RCC.

Combining the two previously described charac-
teristics (hyper- or isoattenuation and heterogeneous
enhancement) during the cortical nephrographic
phase, 11 lesions were identified: 10 RCC and one
oncocytoma, indicating a specificity of 91% and sen-
sitivity of 56% of these combined findings in diag-
nosing RCC.

ROC curves (Fig. 4) demonstrated that the combi-
nation of the plain and cortical nephrographic phase ac-
quisitions was similar or more accurate than the com-
bination of the plain and tubular nephrographic phase
acquisitions in diagnosing RCC. Combining all three
acquisitions provided similar or more accurate results
than any of the two other combinations individually and
at all points (categories 1–5). This result explains the
overlap of the curves as specificity decreases. Looking
at a specific point of the ROC curves (category 4), a
sensitivity of 85%, 90%, and 100% for the three com-
binations of phase acquisition, respectively, with a con-
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Fig. 2. Renal cell carcinoma. The mass is isodense to normal cortex
during the cortical nephrographic phase (A) and hypodense during the
tubular nephrographic phase (B).

Fig. 3. Renal cell carcinoma. The mass is hypodense to normal kidney
during both cortical (A) and tubular (B) nephrographic phases. The
mass is denser during the tubular nephrographic phase.

Fig. 4. ROC curves. (l) , PAV, three phases combined; (n) , PA,
plain and cortical nephrographic; (h ) , PV, plain and tubular nephro-
graphic.

stant specificity of 88%, were obtained in the diagnosis
of RCC.

Discussion

The expected pattern of enhancement of RCC during
the cortical nephrographic phase, in keeping with the

reported frequent hypervascularity of RCC, should be
one of hyperattenuation [2, 4, 5, 11, 27]. This hyper-
vascular appearance of RCC, mostly reported in the an-
giographic literature, is described in at least 80% of
RCC. Studies of RCC with dynamic CT reported a 41–
86% rate of hyperattenuating RCC during the cortical
nephrographic phase of injection [28–30]. In two of
these reports, the time delay after the initiation of intra-
venous contrast administration was less then 30 s, with
a rate of infusion of 5 cc/s and 2 cc/s, respectively [28,
29]. In the third report, the time delay and rate of in-
fusion were not specified [30]. Contrary to what was
expected, hypervascularity, or hyperattenuation, to renal
cortex during the cortical nephrographic phase acqui-
sition was observed in only 22% of the 18 RCC included
in our population, although all lesions but one were dif-
fusely solid. RCC are also classically reported to dem-
onstrate early wash-out of angiographic contrast mate-
rial. In one series using dynamic CT, four of six
hyperdense RCC became relatively hypodense (67%)
and two became isodense (33%) during the tubular
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nephrographic phase of CT scanning [28]. Even though
no specific density measurements were provided, this
suggests that six of six (100%) RCC included in that
report demonstrated some degree of wash-out from the
cortical nephrographic to the tubular nephrographic
phase. With helical CT, this feature can only be dem-
onstrated when a dual-phase acquisition (cortical and
tubular nephrographic phases) is performed and is fur-
ther amplified by the enhancement of the normal renal
parenchyma [31]. Looking at the specific attenuation
values of all RCC included in our population (n Å 18),
this wash-out phenomenon was present in only 12
(67%) lesions. Furthermore, two RCC had a higher at-
tenuation value during the tubular nephrographic phase
of excretion of intravenous contrast.

ROC curves were generated from data obtained from
all 37 lesions (Fig. 4). Because most masses falling in
category 4 (probably malignant) require an active man-
agement including at least clinical correlation (cases of
abscesses) and possibly surgical exploration, analysis of
the ROC curves was performed by using this category
as the cutoff point. For these masses, the sensitivity and
specificity for the plain and tubular nephrographic
phases, plain and cortical nephrographic phases, and all
phases combined to diagnose RCC were as follows:
85% and 88%, 90% and 88%, 100% and 88%, respec-
tively. The addition of the cortical nephrographic phase
increased the sensitivity to 100% when all phases were
combined. The specificity remained at 88% for all three
combinations. Even though the specificity of multi-
phasic helical CT appears unchanged when using cate-
gory 4, the appearance of the ROC curves demonstrates
that the combination of the plain and cortical nephro-
graphic phase acquisitions was similar or more accurate
than the combination of the plain and tubular nephro-
graphic phase acquisitions in diagnosing RCC. Point-
by-point analysis (categories 1–5) also revealed the su-
periority of the multiphase acquisition protocol over the
two other combinations individually.

In our study, the optimal time interval between the
administration of intravenous contrast and the first he-
lical acquisition during the cortical nephrographic phase
was not evaluated. Previous data obtained with dynamic
CT showed that enhancement curves of normal cortex
and medulla intersected at 47 s following initiation of
contrast administration, when the rate of injection was
2.7 mL/s [31]. In one report on dynamic CT, where the
rate of injection was 5 mL/s, the peak enhancement of
normal renal cortex was reported to occur within 30 s
[28]. In our protocol, high rate injection was favored
because it was implicitly believed that it would repro-
duce an angiographiclike delivery of contrast to the kid-
ney, therefore promoting the differential enhancement
between RCC and normal cortex. This, however, re-
mains a hypothetical advantage in favor of high rate
injections in evaluating renal masses. Although the use

of a multiphase helical acquisition increases the radia-
tion dose delivered to the patient, we believe that the
benefits in mass characterization outweigh the potential
minimal increase in radiation-induced injury.

Conclusion

The cortical nephrographic phase provides unique and
valuable information regarding the enhancement pattern
of known renal masses, which is not available on a stan-
dard tubular nephrographic phase acquisition. Hyper-
attenuation of a renal mass during the cortical nephro-
graphic phase was 100% specific for RCC in our
population. Wash-out of intravenous contrast in a renal
mass can only be appreciated with a dual-phase acqui-
sition. The combination of the plain and cortical neph-
rographic phase acquisitions is more accurate than the
combination of the plain and tubular nephrographic
phase acquisitions in diagnosing RCC. Acquisition of
images during the cortical nephrographic phase of in-
travenous contrast excretion improves the ability to ac-
curately diagnose RCC when combined with the plain
and tubular nephrographic phase acquisitions, with a
sensitivity and specificity of 100% and 88%, respec-
tively.

Therefore, the acquisition of a cortical nephro-
graphic phase should be part of the routine helical CT
protocol of renal masses.
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