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Abstract
Purpose: To evaluate the diagnostic accuracy of virtual
vascular endoscopy (VVE) in the detection of accessory
renal arteries.
Methods:We retrospectively reviewed the CT angiography
data sets of 67 patients (29 male and 38 female; age range
17–72 years, mean age 53 years) imaged for the study of the
renal arteries, and affected by renovascular hypertension. All
patients also had intraarterial digital subtraction angiography
(DSA). CT angiography data sets were processed to obtain
maximum intensity projection (MIP) and surface-rendered
VVE of the aorta. Axial images, MIP, and VVE were eval-
uated separately and in combination in the detection of
accessory renal arteries. Their results in terms of sensitivity
and specificity were then compared with DSA.
Results:Axial images had a sensitivity of 88% and speci-
ficity of 94% for accessory renal artery detection, MIP had a
sensitivity of 88% and specificity of 98%, and VVE had a
sensitivity of 63% and a specificity of 88% (p , 0.05 vs
DSA), but these increased to 88% and 98% respectively if
endoscopic views were integrated with the other display
techniques.
Conclusion:VVE based on surface rendering does not add
substantial benefits to CTY angiography; by contrast MIP is
the most accurate display technique for the detection of
accessory renal arteries.
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Accessory renal arteries are common, being found in 20%–
30% of individuals, and are regarded as persistent embryonic
lateral splanchnic arteries arising above or below the main
renal artery. Rarely they arise from the celiac, splenic, or

mesenteric arteries, near the aortic bifurcation, or from the
common iliac arteries [1–4]. In a recent anatomic study of
140 human fetuses [5], accessory renal arteries were ob-
served in 21.1% of cases, as a single (19.2%), double (2.1%),
or triple artery (0.7%).

Correct evaluation of these additional branches is neces-
sary in situations that require an accurate depiction of renal
arterial anatomy. These situations include renal transplanta-
tion (in which all accessory renal arteries and the main artery
of the donor must be reimplanted to prevent parenchymal
ischemia), surgical reconstruction of the abdominal aorta (to
avoid ligation of accessory renal arteries) and renovascular
hypertension (to determine whether there is stenosis or ob-
struction) [6–12].

Detection of accessory renal arteries can be performed
with angiographic studies [13, 14]. Recently MR angiogra-
phy (MRA) and CT angiography (CTA) have been used for
this purpose [11, 12, 15–24]. In particular it was shown that
by optimizing the technical parameters it is possible to
obtain excellent results with CTA [25, 26]. The main limi-
tation of CT axial slices with respect to the direct coronal
acquisition possible with MRA, is the precise evaluation of
the distance of the accessory renal arteries from the main
renal artery. This information can only be obtained in three-
dimensional (3D) space by using multiplanar reconstructions
or 3D models of the vessels, such as the maximum intensity
projection (MIP) and shaded surface display (SSD).

Another possibility for displaying the aortic lumen is the
internal surface rendering obtained with virtual vascular
endoscopy (VVE) [27–34]. This technique reproduces a
model of the internal walls with light and shade, visualized
through a conic field of view simulating that of fiberoptic
endoscopy systems. This perspective has been applied to the
visualization of the inside of the aorta and its main branches,
but has not been focused to evaluate its diagnostic accuracy
for detecting accessory renal arteries. Therefore, the aim ofCorrespondence to:E. Neri, M.D.
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our study was to evaluate the diagnostic accuracy of VVE in
the detection of accessory renal arteries.

Materials and Methods
We retrospectively reviewed the spiral CT (HiSpeed Advantage;
GEMS, Milwaukee, WI, USA) data sets of 67 patients imaged for
the study of the renal arteries, and affected by renovascular hyper-
tension. All patients (29 male and 38 female; age range 17–72
years, mean age 53 years) were also evaluated with intraarterial
digital subtraction angiography (DSA) (Multistar; Siemens, Erlan-
gen, Germany).

DSA

DSA was performed using a 5 Frpigtail catheter with transfemoral
approach using the Seldinger technique. Contrast medium (Visi-
paque 370, Nycomed, Oslo, Norway) was injected at a flow rate of
12 ml/sec to a total volume of 24–30 ml, to perform flush aortog-
raphy. Left anterior oblique projections were obtained, and if nec-
essary right anterior and frontal views were added for optimal
detection of the renal arteries. Flush aortography was considered
the reference standard for accessory renal artery detection.

CTA

A single breath-hold scan of the tract including superior mesenteric
and renal arteries was performed with the following parameters:
tube rotation 1 sec, beam collimation 3 mm, pitch ratio 1 (3 mm/sec
table incremental speed), tube current 120 kVp–280 mA, field of
view (FOV) 30–35 cm. Acquisition time was 25–30 sec, and the
total scanning length was 75–90 mm.

A volume of 150 ml of nonionic contrast (300 mgI/ml, Om-
nipaque 300, Nycomed) was administered with a power injector
(MCT/MCT Plus, MEDRAD, Indianola, PA, USA) via the antecu-
bital vein, at a flow rate of 3–4 ml/sec. To select the scan delay, the
circulation time was determined with a dynamic scanning test
through a semiautomatic bolus tracking program. No oral contrast
agent was administered to avoid artifacts in the 3D model.

Images were reconstructed with a 180° linear interpolation
algorithm. The CTA data set that included the renal arteries was
reconstructed with 1-mm interslice interval. Spatial resolution of
axial slices was 5123 512.

Image Processing

All CTA data sets were processed with the Navigator software (GE,
Milwaukee, WI, USA), running on a SunSparc 20 (Sun Microsys-
tems, Mountain View, CA, USA) workstation. Navigator allowed
the display of internal views of surface-rendered vessels. To gen-
erate internal views a preliminary segmentation of the data set was
performed by means of a thresholding technique. After selection of
the voxels representing the contrast medium inside the aorta, the
internal surface was created with the “marching cube” algorithm. In
this approach the boundary voxels of the volume were transformed
into a smooth surface of triangles or patches [35].

Interaction with the images was by the “pick-a-point” (pp)
function, that allowed a point in the endoscopic view to be selected
and the corresponding axial, sagittal, and coronal views crossing

through this point (VVE-pp) to be obtained in real time. In this way
it was possible to verify each finding displayed on the VVE images
by checking the other views.

MIP images were always obtained in the coronal (oblique) and
axial (oblique) planes by creating subvolume reformations (Figs. 1,
2). The axial-oblique and coronal-oblique subvolume reformations
were evaluated together, trying to keep the width of the slab as thin
as possible, to enhance the visibility of even small vessels. No
editing of skeletal structures was used, to avoid increasing the
processing time.

Image Analysis

Two experienced radiologists (C.V., C.B.) independently evaluated
on monitor the CT axial images and assessed them for the presence
and number of accessory renal arteries. Subsequently they interac-
tively performed MIP on the data sets, making their assessment. As
a third step they were required to navigate through a pre-recon-
structed VVE data set of the aorta (at the level of the renal arteries)
and asked to make their assessment directly and by using the pp
function (VVE-pp). To avoid the results of one display technique
being influenced by the results of the others, the data sets were
presented in each of the three subsequent assessments in random
order and patient data were masked.

The final decision on the presence of accessory renal arteries
was reached on the basis of a consensus between the observers.
In the case of disagreement a tiebreaker radiologist (D.C.) was
introduced.

The DSA images were reviewed by an independent observer
(R.C.) whose assessment was taken as the gold standard of the
study.

Statistical Analysis

True positives were defined as cases in which the display technique
(axial, MIP, VVE, VVE-pp) correctly detected accessory renal
arteries, as demonstrated at DSA. Accordingly, false positives were
defined as cases in which the detection of accessory renal arteries
was not confirmed by DSA; false negatives were the cases in which
the considered display techniques were unable to detect accessory
renal arteries shown at DSA; and true negatives were the cases in
which accessory renal arteries were not detectable at either spiral
CT or DSA. Sensitivity, specificity, positive predictive values, and
negative predictive values were calculated for axial images, MIP,
VVE, and VVE-pp.

The results of spiral CT imaging techniques, in terms of sensi-
tivity and specificity, were compared with DSA by thex2 test.
Statistical analysis was performed with StatView software (Abacus
Concepts, Berkeley, CA, USA). Ap value of less than 0.05 was
considered to indicate a statistically significant difference.

Results
DSA identified the presence of 20 accessory renal arteries in
16 of 67 patients (23%). In four patients the accessory renal
arteries were bilateral, in 11 cases they arose from the right
and in five cases from the left side of the aorta.

Accessory renal arteries were found in 63% of cases on
VVE, and in 88% of cases on axial images, MIP, and
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VVE-pp. All results in terms of sensitivity, specificity, and
positive and negative predictive values are shown in Table 1.

The best display techniques for detection of accessory
renal arteries were VVE-pp and MIP, which did not show
any statistically significant difference with respect to DSA
(chi-square5 3.306,p 5 0.35).

Discussion

VVE was the display technique with the highest number of
false negatives (6 cases) and false positives (6 cases), and
lowest negative (88%) and positive (62%) predictive values.
False positives were represented by: two ostial stenoses of

Fig. 1. Left accessory renal artery arising below the main
renal artery in a patient with infrarenal abdominal aortic an-
eurysm. A Maximum intensity projection (MIP) of the aorta,
obtained from a coronal subvolume reformation, which dem-
onstrates the presence of a left accessory renal artery. This
image is used to create a further subvolume reformation with
a thickness of 22.4 mm, in the axial-oblique plane. B The
resulting MIP shows the left accessory renal artery from the
ostium to the renal hilum (arrow). C The endoscopic view,
created from inside the lumen of the aorta looking toward the

main (arrow) and accessory (arrowhead) renal arteries, re-
veals at a caudal level the neck of the aneurysm (double
arrow). D If the screen is divided into four quadrants, and the
pick-a-point function is used on the VVE-pp (upper left cor-
ner) to indicate the ostium of the accessory renal artery
(arrowhead), above the neck of the aneurysm (double arrow),
the axial image in the upper right corner, the MIP (coronal
subvolume reformation) in the lower left corner, and the MIP
(axial subvolume reformation) in the lower right corner dem-
onstrate the ostium also.
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the main renal arteries, interpreted as ostia of accessory renal
arteries (in these cases axial images, MIP, and VVE-pp were
able to correct the mistake); two adrenal artery ostia and one
lumbar artery ostium located close to the main renal artery
(axial images were falsely positive as well, while VVE-pp

and MIP showed the absence of accessory renal arteries);
and one case of incorrect segmentation of the data set, which
caused the appearance of a “hole” through the wall of the
aorta that simulated the ostium (true negative in the other
display technique). Since we defined false positive results as

Fig. 2. CT angiographic study of a patient with renovas-
cular hypertension and right renal artery fibrodysplasia. A
MIP of the aorta, obtained from a coronal subvolume refor-
mation, which demonstrates the proximal and medium
tract (arrowhead) of the left accessory renal artery. B A fur-
ther coronal subvolume reformation with MIP demonstrates
the distal tract of the accessory renal artery (arrowhead) at
the level of the renal hilum. C The screen is divided into
four quadrants representing: the VVE-pp view (upper left
corner) created to look toward the ostium of the accessory
renal artery, the axial image crossing through the ostium of
the accessory renal artery (upper right corner), the MIP ob-
tained from the coronal subvolume reformation (lower left
corner), and the axial subvolume reformation (lower right
corner). While in the VVE-pp view the ostium of the acces-
sory renal arteries is not visible, the axial image and MIP
show its proximal stenosis (arrowheads) and the post-ste-
notic tract.

Table 1. Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and statistical difference with respect to angiography of
the imaging techniques

Display
technique

False
positives

True
negatives

False
negatives

True
positives

Sensitivity
(%)

Specificity
(%)

PPV
(%)

NPV
(%)

Statistical difference with
respect to DSA

Axial 3 48 2 14 88 94 82 96 NS
MIP 1 50 2 14 88 98 93 96 NS
VVE 6 45 6 10 63 88 62 88 p , 0.05
VVE-pp 1 50 2 14 88 98 93 96 NS
DSA 0 51 0 16 100 100 100 100

NS 5 not statistically significant (p . 0.05); MIP5 maximum intensity projection; VVE5 virtual vascular endoscopy; pp5 pick-a-point function; DSA5
digital subtraction angiography.
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the cases not confirmed by DSA, accordingly these could
have been accessory arteries missed by DSA. Indeed in some
cases projection effects may obscure the accessory renal
arteries and lead to a misinterpretation in angiography.

False negatives of VVE were represented by: two ostial
stenoses of the accessory renal arteries (Fig. 2); one case of
calcified plaque obscuring the ostium; and three cases of
incorrect segmentation that prevented representation of the
ostium. In all cases the accessory renal arteries were cor-
rectly demonstrated with the other display techniques.

The main limitation of VVE was represented by the
presence of segmentation artifacts, which affected both false
positive and false negative results [36, 37]. The “hole”
through the aorta was misinterpreted as an ostium, and by
contrast three real ostia of accessory renal arteries were
masked since the density range selected for segmentation did
not include them. Further limitations of VVE were repre-
sented by the lack of anatomic orientation, the presence of
calcified plaques over the ostia and ostial stenosis of the
renal arteries. All these limitations depend on the lack of
transparency, typical of VVE based on surface rendering,
that does not allow visualization from inside the aorta of the
outer tract of the accessory renal arteries. The assessment of
the ostium from inside the lumen is restricted to the evalu-
ation of its morphology, position, and patency. The ostium
and the lumen of the main renal artery and of the accessory
renal artery can be visualized with VVE if the contrast
enhancement is adequate, if the image includes all the voxels
belonging to the artery, if there is no stenosis, and if there are
no calcified plaques obscuring the ostium.

In our experience, the solution to some of these issues
was obtained by using the pp function. VVE-pp increased
sensitivity and specificity since it is based on integration
with other display techniques. Axial images and MIP were
exploited as added perspectives that allowed the outer part of
the accessory renal arteries to be visualized from inside the
aorta. Despite this, VVE-pp had two false negative cases that
corresponded to patients who were also incorrectly evaluated
by axial images and VVE, but in whom MIP was able to
detect the accessory renal arteries. In these patients the left
accessory renal arteries had ostial stenosis that prevented the
visualization of the ostium from inside the lumen of the aorta
(Fig. 2). The missed visualization of ostia did not alert the
observers to investigate further the possible presence of
accessory renal arteries. A false positive diagnosis of acces-
sory renal artery made by VVE-pp occurred in a patient in
whom the right adrenal artery arose very close to the main
right renal artery and was located just above its ostium. This
case was falsely positive with MIP and axial images as well.

In the case of MIP, both observers misdiagnosed two
accessory renal arteries as adrenal arteries (false negative
cases); the same mistake was made with axial slices also. A
retrospective evaluation of the same cases, with knowledge
of the DSA patterns, allowed the MIP to be performed
correctly and visualization of the vessels to be obtained.
After this evaluation, the sensitivity of MIP increased to

100%. By contrast, axial images were not able to depict the
distal portion of the accessory renal arteries even in a retro-
spective evaluation.

If the main advantage of MIP was to create multiple
oblique planes along the artery path that allowed it to be
followed to the renal hilum (Figs. 1, 2), in the case of axial
images this appears to be the major limitation. Axial slices
had the same two false positive cases as MIP, with two
further false positive cases represented by lumbar arteries
incorrectly evaluated on the slices above or below the origin.

The initial purpose of our study was to evaluate the
sensitivity and specificity of VVE in the detection of acces-
sory renal arteries. Analysis of the observations allows us to
conclude that VVE alone has a poor accuracy, and does not
substantially improve the sensitivity and specificity of CTA.
By contrast, the results in terms of sensitivity, specificity,
negative predictive value, and positive predictive value of
MIP demonstrated that this technique was the most reliable
for the detection of accessory renal arteries. In fact, it al-
lowed detection of the accessory renal arteries without inte-
gration with other imaging techniques.

The usefulness of VVE is significantly enhanced if it is
integrated with the pp function. VVE-pp overcame the lim-
itation of surface rendering, allowing evaluation of the ac-
cessory renal arteries from outside the lumen as well. In our
opinion VVE, if integrated with the pp function, can give 3D
information on the relationships between the accessory renal
arteries and the main renal artery, accessory renal arteries
and the neck of aneurysms, and accessory renal arteries and
calcified plaques (Fig. 1).

It is still too early to conclude that VVE-pp may be able
to replace axial slices and thin-slab MIP in the evaluation of
accessory renal arteries. However, our results suggest that
this technique, allowing direct display of the accessory os-
tium, may be useful. We believe that the value of VVE-pp
will be further enhanced when volume-rendered reconstruc-
tions are available in addition to surface-rendered ones.
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