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FIGURE 6. Case 8, pleomorphic adenoma in the left paraotid gland of a 52-year-old woman. A, TIW image [400/9 (TR/TE), axial
plane] of the maximal diameter section shows a lobulated tumor of isointensity for muscle in the superficiaf lobe. B, Fat-suppressed
T2Wimage (4000/100, axial plane) shows a homogeneous and markedly high-intensity mass. C, All of the tumor at the same fevel
as TIW and fat-suppressed T2W images had type D perfusion curve on dynamic MR images. D, Maximal diameter axial section

of the specimen shows abundant myxoid companents,

All portions of the tumor showed type D perfusion curve on
dynamic MR imagés. The medial half of the tumor showed
marked delay enhancement. The region had a high ADC value
(1.79 x 107 mm?s) on DW images, but had no characteristic
high intensity on STIR images. The pathologic specimen re-
vealed small nets and cords of carcinomatous ductal epithe-
lium within abundant fibrous tissue stroma and variably sized
foci of necrosis.

DISCUSSION
It is important to determine whether a salivary gland tu-
mor is benign or malignant and to assess the extent of a turnor
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and the relationship with adjacent structures preoperatively, as
this information strongly influences the surgical procedures,
Benign tumeors undergo local excision or superficial parotidec-
tomy whereas total parotidectomy with or without facial nerve
removal is performed for malignant tumors. Clinically, malig-
nant tumors sometimes show facial nerve palsy due to encase-
ment of the nerve. MR imaging is an established and useful
way of demonstrating the morphology and extent of head and
neck tumors, as well as their relationship with adjacent struc-
tures, prior to surgery. However, there is general agreement
that MR imaging cannot make a confident distinction between
benign and malignant neoplasms and that it is not particutarly
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FIGURE 7. Case 27, pleomorphic adenoma in the left parotid gland of a 50-year-

old woman. A, TIW image [400/9 (TR/TE), axial

plane] shows a lobulated hypointensity tumor. 8, STIR (4000/30, axial plane) shows high-intensity tumor. The tumor has an
irregular and ill-defined area of lower intensity at the central region. The central hypointense region is also seen on T2W images.
C, T2W image (4000/100, coronal plane) shows a lobulated tumor with hypaointensity rim. The tumor has isointensity to gray
matter with hypointensity area at the central region. D, The central hypointensity region on $TIR and T2W images represents
fibrosis (arrowheads). The remaining region is composed of many hyperceltular and myxoid nests.

useful for a pathologic diagnosis.**!"~'” These previous stud-
ies were based on combinations of conventional MR se-
quences, TIW, T2W, and gadolinium-enhanced MR images or
dynamic MR imaging alone or DW imaging alone. There was

© 2004 Lippincott Williams & Wilkins

no study that provided variable MR imaging of parotid tumors
with emphasis on the role of dynamic MR imaging and DW
images. According to Yabuuchi et al,'? in a study including 22
benign and 11 malignant tumors, gadolinium-enhanced dy-
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FIGURE 8. Acinic cell adenocarcinoma in the right parotid gland of a 61-year-old woman. A, TIW image [400/9 (TR/TE), axial
ped tumor. B, STIR (4000/30, axial plane) shows marked high-

intensity tumor. C, T2W image (4000/100, coronal plane) shows moderate high-intensity tumor. D, This tumor has type A
perfusion curve on dynamic MR images. £, The pathologic specimen revealed numerous small cysts interspersed among epithelial

tumor cells. Some areas demonstrated solid growth.

namic MR imaging was useful for predicting whether salivary
gland tumors are benign or malignant. Parotid tumors can be
diagnosed primarily by a clinical examination carried out by an
experienced clinician and by FNAC, FNAC is probably the
most cconomical and minimally invasive way to diagnose a
parotid tumor, but its results are not always conclusive because
insufficient specimens are sometimes obtained due to small
sample size or deep tumor location.'®'? FNAC of the tumor
risks spillape and dramatically increases the risk of recur-
rence,'* meaning that resection of the soft tissue penetrated by
the needle will be required. Therefore, preoperative imaging
has an important role in the surgical planning for parotid tu-
mors, both for determining whether a salivary gland tumor is
benign or malignant and for assessing the extent of the tumor
and the relationship with adjacent structures.

Pleomorphic adenoma {mixed tumor) is the most com-
mon benign neoplasm of salivary gland onigin. The average
age of patients with pleomorphic adenomas is about 43
years,? but this tumor is the most common neoplasm of the
salivary gland even in children and adolescents. Women are
more likely to be affected than men.?® Pleomorphic adenoma is
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usually solitary, round, and well circumseribed with a smooth
but sometimes lobutated surface. Tumors larger than 1 cm of-
ten have numerous protuberances, which give them a lobulated
appearance. [n the major salivary glands, pleomorphic adeno-
mas are commonly encapsulated, but in the minor glands they
usually are not. The average maximal cross-sectional diameter
of pleomorphic adenomas is 2.1 cm (1.0-5.4 cm).® In our
study, the average age of patients with pleomorphic adenomas
was 50 years, with a range of 15 to 70 years. Twenty-four pa-
tients were women and 9 were men. All cases had solitary
pleomorphic adenomas. The average maximal cross-sectional
diameter of pleomorphic adenomas in our study was 2.6 em {1.0-
5.8 ¢cm). Our data agreed weil with those of the previous articles.

Pleomorphic adenomas are renowned for their cytomor-
phological and architectural variability, Despite their protean
histopathology, all tumors share the essential diagnostic fea-
tures of being composed of both epithelial and myxoid tissues.
The proportions of these components vary widely, and one or
the other is often predominant,

Previous studies suggested that pleomorphic adenomas
typically have a characteristic high intensity on T2W images,
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FIGURE 9. Mucoepidermoid carcinoma in the left parotid gland of a 60-year-old woman. A, TIW image [400/9 (TR

/TE), axial

plane] of the maximal diameter section shows a tumor with an ill-defined border of isointensity for muscle (arrows). The tumor
shows invasive growth from deep to superficial lcbe. 8, STIR (4000/30, axial plane) shows iso to moderate high-intensity tumor
{arrows). C, This tumer has 2 types of TICs on dyramic MR images: type A and C1 perfusion curves on dynamic MR images. D,
The pathologic specimen revealed that mare than 20% of this tumor was composed of eystic space. A large portion also

demonstrated solid growth,

representing myxoid tissue.*'% In the current study, the char-
acteristic bright signals with a higher intensity than that of
bright CSF signals on STIR and T2W images were also found
to represent myxoid-dominant tissue. STIR is sensitive to
changes in T1 and T2 values, and an inversion time is chosen
such that the signal intensity of fat is zero at the time of 90-
degrees pulse, which produces an image with a higher net tis-
sue contrast than that produced by T2-weighted spin-echo im-

© 2004 Lippincort Williams & Wilkins

age.?' The STIR sequence has been shown to demonstrate in-
creased conspicuity of lesions compared with T2-weighted
images. The intensity of the pleomorphic adenoma on STIR
and T2W images was not always homogeneous. We specu-
lated that the cellular component with less-myxoid tissue was
responsible for the reduced signal intensities on STIR and
T2W images, with the reduction ratio being dependent on the
proportion of cellular components. The myxoid component
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FIGURE 10. Adenoid cystic carcinoma in the left parotid gland of a 56

-year-old woman. A, TYW image [400/9 (TR/TE), axial plane]

of the maximal diameter section shows a lobulated tumor of isointensity (arrows). B, STIR (4000/30, axial plane) shows marked
high-intensity tumor with ill-defined lateral border (arrows). C, The high-intensity region on STIR image has type D perfusion curve

on dynamic MR images. The other region has type B perfusion curve.

D, The region with marked high intensity on STIR images

and type D perfusian curves on dynamic MR images is myxoid-rich tissue (*). The remaining region has nests of neoplastic
epithefial cells containing several small, round, and pseudocystic structures.

showed type D curves, with a gradual upward slope, on dy-
namic MR images. On the other hand, the cellular tissue-
predominant region of the time versus signal intensity curve
peaked early, According to these results, our data agreed well
with those of previous articles.!'™'* Abundant myxoid tissue
with hypovascularity may account for the gradual increase in
signal intensity, as Gd-DTPA may be distributed slowly and
accumulate in the abundant extracellular matrix.
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There were 4 malignant parotid tumors that showed type
D curves. The region showing type D curves on dynamic MR -
images of adenoid cystic carcinorna had rich myxoid tissue and
showed high intensity on STIR images. The other regions show-
ing type D curves of salivary duct carcinoma had abundant fi-
brous stromata and necrotic foci, but did not show high intensity
on STIR images. Thus, the myxoid component shows type D
curves on dynamic images and high intensity on STIR images.

© 2004 Lippincott Williams & Wilkins
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FIGURE 1. Salivary duct carcinoma in the right parotid gland of a 83-year-old man. A, TIW image [400/9 (TR/TE), axial plane]
of the maximal diameter section shows a tumor with an ill-defined border of isointensity for muscle. The tumor invaded
subcutaneous tissue (arrows). B, STIR (4000/30, axial plane)} shows iso to moderate high-intensity tumor with subcutaneous
invasion (arrows). C, On fat-suppression contrast-enhanced TIW images (400/20), the medial half of the tumor showed marked
delay enhancement (*). The region had a high ADC value (1.79 x 10~ * mm?/s) on DW images, but had no characteristic high
intensity on STIR images. D, All of the tumor at the same level as TIW and STIR images had type D perfusion curves on dynamic
MR images. E, The pathologic specimen revealed small nets and cords of carcinomatous ductal epithelium within abundant fibrous

tissue stroma and variably sized foci of necrosis (*).

Pleomorphic adenoma is composed of both epithelial
and myxoid tissues. Myxoid components are also included in
other tumors such as adenoid cystic carcinoma and neurogenic
tumor. Our case of adenoid cystic cgreinoma had an ill-defined
margin that suggested invasive growth. Cellular-predominant
regions with capillary vessels showed earlier maximal en-
hancement. Yabuuchi et al'? reported that a short time of peak
enhancement, less than 120 seconds, and a low WR of less than
30% on dynamic MR images, were useful criteria for the di-
agnosis of malignant tumor. According to our results, the WRs
of all regions showing type A, B, or C perfusion curves on
dynamic MR images were less than 30%, except a single re-
gion. Although there were some differences between the de-
sign of our dynamic study and that of theirs, they also experi-
enced 2 cellular-predominant pleomorphic adenomas with
high microvessel counts and less-cellularity stromata that
could not be discriminated from malignant tumors on the basis
of TIC type.

© 2004 Lippincon Williams & Wilkins

On DW images, the myxoid components showed high
signal intensities. The calculated ADC values of the myxoid
components were significantly higher than that of the spinal
cord. The mean ADC value of the spinal cord, measured in the
upper area of the neck in this study, was in good agreement
with that previously reported.'* The spinal cord has numerous
nerve fibers with some cellularity and less extracellular space
than myxoid fissues. These histopathological differences may
generally explain the differences in the ADC values. Hyper-
cellularity contributes to reducing the extracellular space and
the diffusion space of water protons, with a resultant decrease
in ADC values. The 2 different components of pleomorphic
adenomas also reflected the differences in ADC values. Abun-
dant myxoid arcas showed high ADC values; eon the other
hand, the cellular areas consisting of numerous small cells and
scanty myxoid stromata showed relatively low ADC values.
According to Wang et al,' an ADC smaller than 1.22 x 1073
mm?/s was onc of the criteria to use for predicting malignancy.
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In our study, all of the maximum and most of the minimum
ADC values were higher than 1.22 x 1073 mm?¥s, but a few of
the minimum ADC values were below 1,22 x 107> mm?/s. The
average of the maximum ADC values of pleomorphic adeno-
mas [2.03 £ 0.32 (SD), 1.47 to 2.51 x 107> mm?/s) was higher
(P <0.01) than that of malignant tumors [1.40 * 0.39 (SD),
0.80102.10 x 107 mm¥s). The average of the minimum ADC
values of pleomorphic adenomas [1.52 + 0.30 (SD), 0.94 to
2,08 % 107 mm?s) was also higher (P < 0.01) than that of
malignant tumors [1.01 £ .29 (S8D), 0.48 to 1.35 x 107°
mm?ss).

MR findings of myxoid stroma, high inteasity on STIR
and T2W images, type D perfusion curves on dynamic MR
images, and high ADC values on DW images have been con-
sidered as diagnostic clues for pleomorphic adenoma. In fact,
there is a variety of MR findings of pleomorphic adenomas that
reflects their cytomorphological and architectural variability.
We speculated that hypercellularity with less-myxoid stroma
reduced the intensity on STIR and T2W images and also re-
duced ADC values on DW images and resulted in an earlier
TIC peak on dynamic MR images. These values and findings
overlapped with those of malignant tumor. It stands to reason,
then, that the variability of the MR findings of pleomorphic
adenoma must be recognized and understood to avoid a mis-
diagnosis.

CONCLUSIONS

There is great variability in the MR findings of plcomor-
phic adenoma, reflecting the various proportions of celtular
and myxoid components. The diagnostic clue of pleomorphic
adenoma is to find the myxoid component, which shows a high
intensity on STIR and T2W images, progressive enhancement
ondynamic MR images, and high ADC values on DW images.
Hyperecllularity with less-myxoid stroma reduced the inten-
sity on STIR and T2W images and also reduced ADC values
on DW images, bringing an earlier TIC peak on dynamic MR
images. It is important to recognize that the MR images of
hypercetlularity with less-myxoid stroma could be everlap-
ping with those of malignant parotid tumors. SIR,,, on STIR
images and ADC values are significantly higher than those of
malignant parotid tumors. Gradual enhancement curves on dy-
namic MR images without high intensity on STIR are shown in
some malignant parotid tumors, reflecting abundant fibrosis.
The combination findings— high intensity on STIR and T2W
images, high ADC value on DW images, and type D perfusion
curves on dynamic MR images—are useful for the detection of’
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myxoid tissue and predicting whether salivary gland tumors
are benign or malignant.
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ABDOMINAL IMAGING

Selective Intra-Arterial 3-Dimensional Computed Tomography
Angiography for Preoperative Evaluation of
Nephron-Sparing Surgery
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Yoshitaka Murakami, PhD,§ Tatsuo Igarashi, MD,) and Hisao Ito, MD*

Objective: To evaluate selective intra-arterial 3-dimensional com-
puted tomography (3D-CT) angiography as a tool for the preoperative
evaluation of nephron-sparing surgery (NSS).

Methods: Twenty-three patients with renal cell carcinoma indicat-
ing NSS underwent selective intrarenal 3D-CT angiography. The
time-lapse dual-phase technique was used for simultancous vascular
and urggraphic visualization, The 3D images were created by the
shaded volume-rendering method. The CT attenuation of target struc-
tures was measured for quantitative evaluation. The 3D images were
visually evaluated for the renal artery, vein, and collecting system
using a grading system, Results were statistically analyzed.

Results: The 3D-CT angiography depicted the intrarenal branches
of the renal artery and vein and the whole collecting system in most
patients. Visualization of the renal artery was significantly correlated
to its CT attenuation, Visualization of the renal vein was correlated to
its CT attenuation adjusted by the surrounding renal parenchyma,

Conclusion; Selective intra-arterial 3D-CT angiography allows the
detailed visualization of intrarenal structures.

Key Words: computed tomography (CT), three-dimensional, carci-
noma, renal cell, nephron-sparing surgery

(J Comput Assist Tomogr 2004;28:4%6-504)

M otivated by several trends, including advances in renal
imaging and improved surgical management, nephron-
sparing surgery (NSS) has become an established optional
treatment of renal cell carcinoma (RCC).!# The accumulation
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of data has provided evidence of the long-term functional ad-
vantage gained by the maximal preservation of unaffected re-
nal parenchyma using NSS, without sacrificing cancer control
and patient satisfaction.'"3

Acceptable indications for NSS may be divided into 2
categories: imperative and elective indications. Imperative in-
dications inctude RCC involving an anatomically or function-
ally solitary kidney caused by unilateral renal agenesis, previ-
ous contralateral nephrectomy, or irreversible impairment of
contralateral renal function because of a benign disorder.>*1°
Patients with bilateral synchronous RCC also have an impera-
tive indication.!’ Nephron-sparing surgery should also be at-
tempted for patients in whom the contralateral kidney is threat-
ened by local, systemic, or genetic conditions that may affect
future function or for patients with the likelihood of subse-
quent contralateral tumors.? Elective indications include
small, localized, ofien incidental RCC with a normat contra-
lateral kidney.">7 Although patient selection for elective indi-
cations is still controversial, recent studies have indicated a
significantly lower rate of recurrence and significantly im-
proved length of survival after NSS for tumors 4 cm or less in
diameter.'1213

Nephron-sparing surgery is technically more challeng-
ing than open nephrectomy.>®!* Different from the en bloc
removal of the kidney with tumor in open nephrectomy, NSS
requires management of intrarenal structures, including intra-
renal segments of the renal artery and vein as well as the col-
lecting system.'*® Tumor excision is performed by wedge or
segmental resection, also obtaining a thin margin of adjacent
normal parenchyma !¢ Incomplete resection of the primary
tumor leads to local recurrence.'~* Temporary vascular occlu-
sion is performed during the procedure to decrease bleeding
and renal tissue turgor,'* and minimizing the duration of vas-
cular occlusion reduces the risk of renal ischemic injury and
the need for subsequent hemodialysis.®'> Watertight closure
of the collecting system is required, when encountered, to pre-
vent urinary fistula formation.>'® Removal of a centrally lo-
cated tumor is technically more demanding than removal of a
peripheral one.!”'® To prevent transection of major branches

| Comput Assist Tomogr ¢ Volume 28, Number 4, fuly/August 2004
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Intra-Arteriaf 3-Dimensional CT Angiography

of the renal artery and vein, any significant intrarenal branches
must be identified.!”!® Imperative indications constrain the
compulsory execution of NSS in such a technically difficult
condition, because the alternative would yield the patient an-
ephric if a nephrectomy is performed.?®

Precperative imaging for open nephrectomy has been
used to assess tumor size, extent, invasion, distant and/or
lymph node metastasis, and relevant vascular anatomy.>!® The
technical difficulty of NSS requires more detailed anatomic
information. Preoperative information concerning the vascular
anatomy and collecting system and their relation to the tumor
contributes to early vascular control, avoidance of renal is-
chemia, complete tumor excision with negative margins, pre-
cise closure of the collecting system, careful hemostasis, and
closure of the renal defect.>'*'* The higher risk in removal of
a centrally Jocated tumor demands more detailed preoperative
assessment of intrarenal structures,!5-18

Many reports have emphasized the usefulness of intra-
venous 3-dimensional computed tomography (3D-CT) angi-
ography for NS8, integrating essential information from angi-
ography, venography, excretory urography, and conventional
2-dimensional CT into a single preoperative staging test.2%-26
The intravenous technique has limits in terms of depicting pe-
ripheral branches of renal arteries and veins, collecting sys-
tems, and their interrelations to the tumor, however,2’2° Re-
cently, advances in multidetector-row CT technology and the
3D processing workstation have led to more frequent clinical
applications of high-performance 3D imaging 3® Some reports
have described the enhanced ability of 3D visualization with
the intra-arterial CT acquisition technique for several or-
gans 3192

We performed selective intra-arterial volume-rendered
3D-CT angiography using multidetector-row CT in patients
with NSS-indicated RCC. The purpose of this article is to as-
sess selective intra-arterial 3D-CT angiography as a tool for
the preoperative evaluation of N88, emphasizing its visualiza-
tion of the renal artery and vein as well as the collecting sys-
tem. Indications for the application of this method are also dis-
cussed.

MATERIALS AND METHODS

Subjects .

A total of 23 patients (19 men and 4 women) were pro-
spectively examined between September 2000 and August
2003. Thirteen patients had been referred from other hospitals
for determination of the indications for NSS; NSS was contra-
indicated in 11 of these patients because of technical difficul-
ties at these hospitals (6 had centrally located tumeors and 5 had
renal hilar tumors). Seven patients had been followed for ure-
logic disease and 3 for nonurologic disease at our hospital. All
patients were diagnosed with RCC by preceding CT or ultra-
sound examination and were considered to have possible indi-

© 2004 Lippincott Williams & Wilkins

cations for NSS at our hospital. The mean age of these patients
was 63.4 years (range: 40-78 years), and their mean weight
was 57.5 kg (range: 43-76 kg). In accordance with our insti-
tutional review board guidelines, written informed consent
was obtained from all patients before their inclusion in the
study. Among afl 23 patients, the indications for surgery were
elective in 15 and imperative in 8. The imperative indications
in these 8 patients were a solitary kidney because of a previous
history of bilateral asynchronous tumors in 4, bilateral syn-
chronous tumors in 2, and a functional solitary kidney with
contralateral renal atrophy because of chronic urolithiasis in 2.

Data Acquisition Technique

Selective renal arteriography and intra-arterial CT angi-
ography were performed using combined digital subtraction
angiography and a multidetector-row CT system (Infinix
ACTIV/Aquilion; Toshiba Medical Systems, Tokyo, Japan).
The angiographic procedure was performed by means of a
transfemoral approach and the Seldinger technique using a
standard diagnostic catheter. Selective renal arteriography was
obtained using 12 mL contrast material (Iohexol, Omnipaque
300; Daiichi Pharmaceutical, Tokyo, Japan} at arate of 3 mL/s.
After the renal arteriography, the digital subtraction angiogra-
phy unit was switched to the CT mode. Nonenhanced CT was
performed to determine the scanning range for CT angiogra-
phy. After nephrographic enhancement was confirmed with
digital subtraction angiography by means of a preceding infu-
sion of contrast medium, CT acquisition was performed 5 sec-
onds after the beginning of a bolus infusion of 40 mL 50%
diluted contrast material at a rate of 2 mL/s. Scanning param-
eters were set at a tube current of 300 mAs, a voltage of 120
kV, a scan time of 0.5 seconds per rotation, and a 1.0-mm slice
thickness with a helical pitch of 5. The scanning range was
between 150 and 200 mm depending on the patient, with totat
scanning time being between 15 and 20 seconds.

After the CT examination, DSA aortography was per-
formed to identify the presence of multiple renal arteries. If
multiple renal arteries were confirmed, additional renal arteri-
ography was performed for all accessory renal arteries on the
side with the tumor. Additional intra-arterial CT angiography
was planned for any case with an accessory renal artery with
arterial perfusion for the tumor, but there was no such case in
the present series,

Quantitative Measurement of Enhancement

Quantitative measurements were performed by a single
radiologist (T.U.). To evaluate enhancement of the target
structures and surrounding renal cortex and medulla, the
Hounsfield unit (HU) number on 2-dimensional images was
measured to set regions of interest for the renal artery, vein,
calyzx, renal cortex, and medulla.
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Three-DImensional Data Processing _

Volume data of CT acquisition were reconstructed at
1.0-mm intervals, with 150- to 180-mm region of interests with
512 x 512 matrices. Reconstructed images were transferred to
a commercial workstation for 3D processing (Virtual Place M,
Medical Imaging Laboratory and Office Azemoto, Tokyo,
Japan),

The radiologist (T.U.) created all the 3D images by
means of the volume-rendering method. A linear ramp-shaped
opacity curve was used for the transfer function of the volume-
rendering parameters. Optimized parameters in each patient
were determined visually using the following procedures.
First, CT attenuations corresponding to 0% and 100% opaci-
ties were set to 0 and 1000 HU, respectively. The volume data
were then sectioned through the longitudinal axis of the kidney
to visualize the inner structures. Finally, lower and upper cut-
off values corresponding to 0% and 100% attennation were
adjusted so that intrarenal branches of the renal artery and the
renal vein and urinary tract were the most visible.

The 3D volume-rendered images were created as a
movie file (formatted as an audio visual, and still images [AVI]
file) continuously scrolling the cut planes, where the view
point was set from the posterior lateral view and the cut planes
were set parallel to the longitudinal axis of the kidney.

Visual Evaluation of 3-Dimensional Images

Two radiologists (K.M. and 8.Y., with 10 and 1] years
of experience in abdominal radiology, respectively) indepen-
dently evaluated the movies of the 3D images without knowl!-
edge of any clinical information. They evaluated the 3D image
movies by means of the cine loop mode, and they freely stilled
any 3D image for static evaluation if deemed necessary.

The movies of the 3D images were visually scored using
a grading system. Scores were assigned to each structure, in-
cluding the renal artery, vein, and urinary tract. Visualization
of the renal artery and vein was scored as follows: 5, fifth-order
branches were visualized; 4, fourth-order branches were visu-
alized; 3, third-order branches were visualized; 2, second-
order branches were visualized; and 1, main branches or none
were visualized (Figs. 1, 2). Visualization of the urinary tract
was scored as follows: 4, minor calyces were visualized; 3,
major calyces were visualized; 2, renal pelvis was visualized;
and L, poor visuatization of the collecting system (Fig. 3). The
best-visualized segments were scored for variance of visual-
ization at each evaluation.

For the detectability of intrarenal segments of the renal
artery, the number of second-order branches of the renal artery
was recorded. Selective renal arteriography was used as the
gold standard.

Statistical Analyses
Statistical analysis methods were designed and per-
formed by a single statistician (Y.M.). One-way analysis of
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variance (ANOVA) was used for comparisons between visual
evaluation and clinical status, including age, sex, indication,
TNM classification, tumor location, and renal function.

To assess interobserver agreement for the visual evalu-
ation of each structure, the k value was calculated (for the k
value, <0.20 was considered to indicate poor agreement; 0.21—
0.40, fair agreement; 0.41-0.60, moderate agreement; 0.61-
0.80, good agreement; and 0.81-1.00, excellent agreement),

To assess the correlation between visual evaluation and
CT attenuation, patients were grouped by the grade of each
visual evaluation of the renal artery, vein, and urinary tract. To
compare CT attenuation between groups of visual evaluation,
one-way ANOVA was used for analysis. To adjust the effects
of the renal cortex and medulla to each visual evaluation of the
renal artery, vein, and urinary tract, each covariate of the renal
artery, vein, and calyx was added to the analysis of covariance
(ANCOVA).

For all statistical analyses, differences were considered
to be statistically significant at P < 0.05.

Review of Surgical Result

Preoperative planning was discussed by a single radiolo-
gist (T.U.) and a single urologist (T.T.). Intraoperative surgica!
findings were reviewed to determine any findings unexpected
by the preoperative evaluation of 3D images. Postoperative
complications were also reviewed.

RESULTS

All examinations were successfully performed accord-
ing to our protocol without complications. The mean time for
the entire angiographic procedure was about 45 minutes
(range: 30-63 minutes). The times for 3D processing and vi-
sual evaluation of 3D images were about 10~15 minutes and
10-20 minutes, respectively, for each patient.

Digital subtraction angiography aortography demon-
strated a single renal artery in 17 patients and double renal
arteries in 6 patients. Among the latter 6 patients, 1 had an
accessory branch on the ipsilateral side with tumor, 2 had renal
arteries bilaterally, and 3 had a renal artery on the contralateral
side. Selective renal arteriography was performed for the ac-
cessory branch on the side with tumor. None of these patients
showed arterial perfusion to the tumor. In the patients with
double renal arteries, intra-arterial 3D-CT angiography dem-
onstrated a lack of contrast enhancement in the area corre-
sponding to arterial perfusion of the accessory branch. In 2
patients, double renal veins were detected on the side with t-
mor by intra-arterial 3D-CT angiography.

Results of Visual Evaluation

The results of the visual evaluation are shown in Table 1.
There was excellent agreement between the observers regard-
ing the renal artery, vein, and urinary tract (x values were
0.824, 0.904, and 0.839, respectively). There was no signifi-
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cant difference between visual evaluation and clinical status of
age, sex, indication, TNM classification, and tumor location,
Only renal function was correlated with visualization of the
collecting system with statistical significance (P < 0.01).

The renal artery was shown with fourth-order or higher
peripheral branches in 22 patients (see Figs. 1A, B), and only
third-order branches were visualized in 1 patient (see Fig. 1C),
The renal vein was revealed with third-order or higher periph-
eral branches in 22 patients (see Figs. 2A—C), and only second-
order branches were visualized in | patient (see Fig. 2D), in
whom the renal vein and renal parenchyma showed erthance-
ment with almost the same CT attenuation. Urinary tracts as far
as minor calyces were clearly visualized in 21 patients (sce
Figs. 3A, B). In contrast, only renal pelvises were visualized in
2 patients. They showed mild hydronephrosis, and their col-
lecting systems were poorly enhanced (see Fig. 3C).

Of 83 second-order branches of the renal artery identi-
fied by selective renal arteriography, 80 were detected by 3D
images (96.4%). The 3 missed branches were retrospectively
reviewed. One was identified in retrospect, 1 was identified on
the source 2-dimensional image showing nonhomogeneous
enhancement by lamina flow, and 1 was not identified for un-
known reasons,

Correlation Between Quantitative
Measurement and Visual Evaluation

Table 2 shows mean CT attenuation grouped according
to the grades of each visual evaluation. One-way ANOVA re-
vealed a statistically significant difference in CT attenuation of
the renal artery between the grades (P < (0.001) but no statisti-
cally significant difference in CT attenuation of the renal vein
and renal calyx.

Analysis of covariance with controlled effects of the re-
nat cortex and medulla revealed statistically significant differ-
ences in CT attenuation of the renal vein (P =0.01 and P =
0.02, respectively) but no statistically significant difference in
CT attenuation of the renal artery and calyx.

Surgical Results

Among the 15 patients with an elective indication, 7 un-
derwent NSS, 5 underwent open nephrectomy, and 3 under-
went laparoscopic nephrectomy, all performed on the basis of
the patients’ own informed decisions. All 8 patients with an
imperative indication underwent NSS. In total, 13 patients un-
derwent NSS, all of whom were proven to have RCC histo-
pathologically.

FIGURE 1, Selective intra-arterial volume-rendered 3-dimen-
sional computed tomography angiegraphic images demon-
strated different visualization scores for the peripheral renal
arteries in 3 patients: score of 5 (A), score of 4 (B}, and score of
3 (C). The numbers in the figures (A1-A5) show the order of
the renal arterial branches.
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FIGURE 2, Selective intra-arterial volume-rendered 3-dimensional computed tomography angiographic images demonstrated
different visualization scores for the peripheral renal veins in 4 patients: score of 5 (A), score of 4 (B), score of 3 (C), and score of
2 (D). The numbers in the figures (V1-V5) show the order of the renal vencus branches. C, Double renal veins were detected

(arrows).

In I patient, a dilated capsular artery was detected during
surgery that had been undetected on selective renal arteriogra-
phy and intra-arterial 3D-CD angiography. Unexpected arte-
rial bleeding occurred in 1 patient at wedge resection in spite of
vascular occlusion. This might have resulted from an acces-
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sory renal artery missed by preoperative evaluation but was not
confirmed, because hemostasis was performed at peripheral
arterial segments in the surgical plane.

Postoperative complications were observed in 4 pa-
tients, Bleeding and continuous hematoma occurred in 1 pa-
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tient, and an additional open nephrectomy was performed.
Transient renal failure occurred in 1 patient, with recovery be-
ing achieved by means of temporal hemodialysis. Transient
renal malfunction occurred in 2 patients, and this was recov-
ered only with conservative therapy.

DISCUSSION

Nephron-sparing surgery requires detailed preoperative
information concerning the vascular anatomy and collecting
system and their relation to the tumor. Many reports have pro-
vided evidence of the usefulness of 3D volume-rendered CT
angiography for preoperative imaging of NSS.2%-2¢ Neverthe-
less, their intravenous techniques had some limitations in
terms of 3D visualization of the intrarenal structures.>>2° The
detectability of vascular structures has allowed arterial
branches to be recognized at the segmental level and venous
branches at the submain level. Basically, intrarenal branches
are hard to visualize.2’-2° Few have discussed the depiction of
the urinary collecting system during 3D-CT angiography,
whereas there have been many reports about the usefulness of
intravenous CT urography.®® Because CT urography is ob-
tained in the excretory phase, vascular structures and the col-
lecting system must be evaluated with separate images in the
different phases.

We performed volume-rendering 3D-CT angiography
with an intra-arterial bolus infusion of contrast medium. A
time-lapse dual-phase infusion of contrast medium was used in
combination. Our method has some advantages compared with
previously reported intravenous 3D-CT angiography,

Basically, volume-rendering 3D image segments struc-
tures on the basis of voxel attenuation. Therefore, the quality of
the 3D image is empirically dependent on the contrast of CT
attenuation between the target structures and surrounding tis-
sues.**** The intra-arterial infusion technique achieves higher
contrast resolution in each structure than the intravenous tech-
nique.***? Therefore, our intra-arterial technique achieved a
detailed depiction of the intrarenal branches of renal arteries
and veins; fourth-order branches of the renal artery and third-
order branches of the renal vein were visualized in most cases.

The time-lapse dual-phase technique results in satisfac-
tory urographic opacification of the collecting system while
maintaining high opacification of vascular structures. Thig in-
tegrated the preoperative information for visualizing the vas-
cular structures and collecting system simultaneously on a 3D
image,

FIGURE 3. Selective intra-arterial volume-rendered 3-dimen-
sional computed tomography angiographic images demon-
strated different visualization scores for the urinary tract in 3
patients: score of 4, minor calyces (arrowheads) were visual-
ized (A); score of 3, major calyces (asterisks) were visualized
(B); and score of 2, renal pelvis (arrow) was visualized (C).
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TABLE 1. Summary of Visua! Evaluation for Each Renal Structure

Renal Artery Renal Vein Urinary Tract
Patient
No. Observer1 ObserverZ Observer1 Observer2 Observer 1  Observer?2
1 5 5 5 5 4 4
2 5 5 k) 3 4 4
3 5 4 3 3 4 4
4 4 4 3 3 4 4
5 5 5 3 3 4 4
6 3 3 2 2 2 2
7 5 5 4 4 4 4
32 4 4 3 3 4 4
9 5 5 4 4 4 4
10 5 5 4 4 4 4
1t 4 4 4 3 4 4
12 5 5 3 3 2 2
13 5 5 3 3 4 4
14 5 h) ] 3 3 3
15 4 4 3 3 4 4
16 4 4 3 3 3 4
17 5 5 3 3 4 4
18 5 5 5 5 4 4
19 4 4 3 3 4 4
20 4 4 3 3 4 4
21 5 5 3 3 4 4
22 5 5 3 3 4 4
23 4 4 3 3 4 4
Mean 4,565 4,522 3.304 3.261 3.739 3.783
+8D +0,590 +0.593 #0.703 +0.689 +0.619 10.600
Data are visualization scores.

In our method, only a 10-minute period is required for
3D data processing, which is quite acceptable for clinical use.

The major disadvantage of this procedure is the inva-
siveness of the intra-arterial technique. A less invasive tech-
nique would be preferable for the preoperative examination.
Although there was no significant difference in outcome in
patients treated with NSS for centrally and peripherally located
tumors, removal of tumors from a central and/or hilar location
is technically more demanding.®'”'® This technical difficulty
might reduce the chance of an indication for NSS in some pa-
tients. In fact, 11 patients indicated for NSS in our hospital
were first contraindicated in other institutions, although this
difference might be ascribed not only to the issue of preopera-
tive evaluation but to the practical issue of surgery. Detailed
evaluation may salvage some operable patients who might oth-
erwise be contraindicated for NSS because of the technical dif-
ficulty of the procedure; these patients might become anephric
if a nephrectomy is performed and require chronic hemodialy-
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sis. Therefore, our invasive method confers a benefit to pa-
tients with large and/or centrally located tumors, especially to
those judged with imperative indications.

Expected complications of this procedure may include
hemorrhage, infection, and thromboembolism, although no
patients in the present series incurred any such major compli-
cations. Radiation exposure by means of intra-arterial 3D-CT
angiography is the same as by the intravenous technique. A
potential pitfall of our method is the possibility of missing ac-
cessory branches of multiple renal arteries because of its se-
lective procedure. Aortography needs to be checked carefully.
Any cortical defect of contrast enhancement in 3D-CT angi-
ography may be a clue conceming the presence of accessory
branches.

A limitation of this study was the small number of pa-
tients. Further evaluations with larger patient populations are
required to establish clinical implications and indications, The
visualization of this method should also be compared with that

© 2004 Lippincott Williams & Wilkins
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TABLE 2. CT Attenuation of Each Structure Grouped by Its Visualization Scores

CT Attenuation CT Attenuation CT Attenuation

Grouped by Score of Renal Artery Grouped by Score of Renal Veln Grouped by Score of Urinary Tract
Score  Renal Artery Cortex Medulla Renal Vein Cortex Medulla Urlnary Tract Cortex Medulla
5 7651+ 109.6 55521133 153.6+534 5425+£135.1 519021147 113.0x1174

(19 (14) (i9 2) 2 )
4 510.9+669 4800917 16154580 602041447 610.0+1567 1650 16,1 1159 £550.7 5200+1164 1541 +543

& 8 ®) ) Q) “ (19 (19} (19}
3 3500+0.0 600.0 £0.0 2200+0.0 5366+1327 50841050 1598530 1004 £291.3 5625233 14954643

) n () {16} (16) (16) @ 2 (2)
2 ! ! / 2880+£0.0 600.0£0.0 2200600 200.0 £ 14.1 60452636 218.0x282

0) (U] ()] U] (i) (1) @ 2 2)
] / / / ! ! / / / /

@ O {0) O o (0) 0 O 0

Data are mean + 5D of CT attenuation (HU). Numbers in parentheses indicate the number of patients.

/, no data.

of other modalities, especially with intravenous 3D-CT angi-
ography. Another limitation of this technique is the as yet lim-
ited availability of the combined angiography and multidetec-
tor-row CT system, although some reponts have emphasized
the usefulness of the combined system for several organs and
that this system is commercially available.'-*2

In conclusion, we performed selective intra-arterial 3D-
CT angiography for the preoperative evaluation of NSS. This
method integrates detailed intrarenal anatomic information re-
garding the renal artery, vein, and urinary collecting system.
Although further evaluation is required to establish its clinical
application, the ability to visualize intrarenal structures may be
helpful for the technically difficult NSS, especially for the
cases with an imperative indication.
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