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The accessory renal artery (aRA) is the most common and clini-
cally important variation of the renal artery. The aRA arises as 
a separate branch from the aorta or iliac artery, and it has been 

reported with a prevalence of approximately 25–30% in different study 
groups (1–4). Determination of the presence of an aRA has major im-
portance in invasive renal procedures, such as laparoscopic or retro-
peritoneoscopic nephrectomy for living donor kidney transplantation, 
in the prevention of complications during the procedure or in the pr-
eoperative evaluation of patients with renal tumors in whom neph-
ron-sparing surgery can be performed, and finally in the evaluation of 
renovascular hypertension related to isolated aRA stenosis (4–8). 

Renal vessels can be examined by several radiological modalities 
such as color Doppler ultrasound (CDUS), conventional angiography, 
computed tomography (CT) and magnetic resonance (MR) angiogra-
phy. CDUS is frequently preferred because it is an easily accessible, 
cheap and non-invasive method. However, CDUS is frequently inad-
equate for the detection of an aRA because of major disadvantages 
such as operator dependency and technical difficulties due to patient 
obesity and abdominal gas artifacts (9). Conventional angiography, al-
though an invasive imaging technique, has been accepted as the “gold 
standard” for evaluating renal vascularity (9). On the other hand, its 
implementation in routine clinical practice is limited due to its in-
vasive nature. CT and especially multi-slice computed tomography 
(MSCT) have a growing importance in the evaluation of renal vessels 
(10). MSCT has advantages, such as the capacity to show the morphol-
ogy of the kidney and other surrounding structures while evaluating 
the kidney vasculature noninvasively in a short period. MSCT has a 
narrow collimation, high spatial and temporal resolutions and nearly 
isotropic acquisition, and thus, it provides multiplanar imaging. In 
addition, its level of accuracy is similar to conventional angiography 
in evaluating renal vascularity (6, 7, 10). On the other hand, the dis-
advantages of MSCT are radiation exposure and the dependence on 
contrast medium. MR angiography is another non-invasive imaging 
technique that is used for the evaluation of renal vascularity (11, 12). 
Recent studies of gadolinium-enhanced MR angiography have dem-
onstrated its higher rates of accuracy, which approach those of con-
ventional angiography and CT angiography in the evaluation of living 
kidney donors for nephrectomy (11–13). MR imaging has the addi-
tional advantage of the avoidance of ionizing radiation. The disad-
vantages of MR are lower spatial resolution, less common availability 
and higher cost compared to MSCT. Furthermore, recent reports of a 
condition called nephrogenic systemic fibrosis caused by gadolinium 
chelates have raised concerns about the safety of gadolinium-based 
contrast agents (14).
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PURPOSE
To evaluate whether renal dimensions and the main renal ar-
tery (mRA) diameter can provide indirect evidence of the pres-
ence or absence of accessory renal arteries (aRA).

MATERIALS AND METHODS
The study group consisted of 167 patients (83 women, 84 
men; mean age, 52.4±13.1 years) who presented to our radi-
ology department for abdominal CT examinations with vari-
ous indications. CT examination was performed on a 64-slice 
CT scanner in the arterial phase. The kidney diameters were 
recorded. The number of renal arteries supplying each kidney 
was evaluated, and their diameters were measured. We at-
tempted to determine a formula that could be used to predict 
the presence or absence of aRAs.

RESULTS
One or multiple aRAs were found in 76 (22.8%) of the 334 
kidneys. The mRA diameter was 5.51±0.96 mm. The mRA 
diameter was smaller in kidneys with aRAs than in those with-
out (P < 0.001). A cut-off value of 4.15 mm for the diameter 
of mRA to predict the presence of aRAs led to negative and 
positive predictive values of 80% and 90%, respectively. A for-
mula that can predict that an aRA is absent with 97% accuracy 
given the values of the mRA diameter and the kidney length 
was determined using logistic regression.

CONCLUSION
The mRA diameter (4.15 mm) alone and the results of the for-
mula developed herein employing the mRA diameter and kid-
ney length can respectively predict the presence or absence of 
an aRA with high accuracy. 
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cluded in the study group. All of the 
CT scans were performed during the 
arterial phase as a standard procedure, 
and therefore, additional radiation was 
not an issue.

This study was approved by our insti-
tutional review board. 

Multislice CT technique
All CT examinations were performed 

on a 64-slice CT scanner (Aquillion 64, 
Toshiba Medical Systems, Otowara, Ja-
pan) using the automatic dose modu-
lation technique (Real Exposure Con-
trol, Toshiba Medical Systems) in the 
arterial phase. A total of 90–120 mL of 
300 mg/mL intravenous contrast ma-
terial plus a 20-mL chaser bolus was 
injected through an 18-gauge cannula 
positioned in an antecubital vein at 
a flow rate of 4 mL/s by a dual head 
power injector. An automatic trigger-
ing system (Sure Start, Toshiba Medical 
Systems) provided the scanning delay 
time to obtain an arterial phase image. 
For this purpose, a single unenhanced 
low-dose scan was first obtained. Based 
on this image, a region of interest 
(ROI) with an area of 1 mm2 was then 
established by a CT technologist in the 
lumen of the aorta at the level of the 
superior mesenteric artery. The patient 
was instructed to hold his/her breath 
as soon as the signal density in this 
region of interest reached a threshold 
of 180 Hounsfield units, and the scan 

was then initiated. The scanning delay 
time was 18–24 seconds after the start 
of the injection. 

Image post-processing and analysis
A workstation (Vitrea2 version 4.0 

workstation, Toshiba Medical Systems) 
was used to post-process the volumet-
ric MSCT data sets, and the evaluation 
was performed with multiplanar refor-
matting (MPR) images using a maxi-
mum intensity projection (MIP). Thin 
(0.5 mm) and thick (5 mm) slice thick-
nesses were used to evaluate the renal 
arteries.

First, oblique sagittal MPR images 
parallel to the long axis of the kidney 
were obtained, and the maximum 
craniocaudal dimensions were meas-
ured (Fig. 1). The oblique axial images 
were created using these oblique sag-
ittal MPR images, and the maximum 
transverse and anteroposterior diam-
eters were recorded at the level of the 
renal hilus in millimeters (Fig. 1). The 
number of renal arteries supplying 
each kidney was then evaluated on the 
MIP images. The number of renal arter-
ies was noted if more than one renal 
artery was present in a kidney. Oblique 
coronal, axial and sagittal MIP images 
were generated for each renal artery to 
visualize the artery along its route (Fig. 
2). At least two of these images provid-
ed accurate visualization of the entire 
length and course of the renal artery 

The presence of aRA is diagnosed by 
direct visualization in each of the mo-
dalities mentioned above. Although 
technological advances have increased 
the accuracy in determining an aRA, 
the diagnostic rate still varies depend-
ing on the modality used (9, 10, 12). 
Indirect parameters that indicate the 
presence or absence of aRA may facili-
tate the evaluation of renal vessels. The 
aim of the present study was to evalu-
ate whether renal dimensions and 
the diameter of the main renal artery 
(mRA) could indicate the absence or 
presence of an aRA in routine radio-
logical practice. 

Materials and methods
Patients

The study group consisted of 167 pa-
tients (83 women, 84 men; age range, 
19–82 years; mean age, 52.4±13.1 
years) who presented to our radiology 
department for abdominal CT exami-
nations with various indications be-
tween February 2008 and September 
2008. The abdominal CT imaging was 
performed to examine liver lesions 
(n=64), pancreatic lesions (n=24), and 
abdominal or renal vascular pathology 
(n=79). The scanned area was between 
the level of the diaphragm and the il-
iac bifurcation in all patients. Patients 
with a congenital renal abnormality, 
stenosis in the renal artery, or a his-
tory of any renal surgery were not in-

Figure 1. a, b. MDCT of a 53-year-old male. The longest dimensions of kidney length (A–B) on oblique sagittal MPR images (a), the longest 
dimensions of kidney anteroposterior (C–D) and width (E–F) diameters on oblique axial MPR images (b).

ba



Uysal Ramadan et al.268 • September 2011 • Diagnostic and Interventional Radiology

and were used to measure the calibers 
of all arteries (Fig. 2). 

The measurement of the RA diam-
eter was performed in the proximal 
segment of the renal artery at a dis-
tance of 1 to 1.5 cm from the ostium, 
where the renal artery reaches a uni-
form width (9). The widest caliber was 
measured perpendicular to its long 
axis. If the renal artery demonstrated 
early branching (which is any branch 
within 2.0 cm from the aorta), the 
caliber was measured before the level 
of branching. If the kidney has single 
renal artery, this artery is accepted as 
an mRA. Whereas, if the kidney has 
multiple arteries, the largest one is ac-
cepted as an mRA. 

Finally, we used statistical analyses 
to create a formula that could be used 
to determine whether an aRA is absent 
or present. 

Statistical analysis 
The results are expressed as the 

mean±standard deviation (SD), fre-
quency and percent where appropriate 
throughout the study. The mean dif-
ferences among the groups with and 
without aRA were evaluated using the 
Student’s t-test, and the correlations of 
kidney dimensions with mRA diameter 
were evaluated by Pearson’s correla-
tion analysis. 

The prevalence of aRA was compared 
with the prevalence reported in the lit-

erature (25%) using the exact binomial 
test for proportions (1–4).

The area under the ROC curve (AUC) 
analysis was used to determine the best 
cut-off point for the mRA diameter to 
predict the aRA. Logistic regression 
analysis was performed to obtain a 
function to predict the aRA from the 
mRA diameter and kidney length. All 
statistical analyses were performed us-
ing the SPSS program (version 15 for 
Windows), and statistical significance 
was set at P < 0.05. 

Results
CT examinations were performed 

without complications in all patients, 
and no studies had to be repeated due 
to technical problems.

Kidney dimensions
A total of 334 kidneys in 167 patients 

were examined. The kidney dimen-
sions were as follows: mean length, 
108±11.3 mm; mean width, 49.1±6.2 
mm; and mean anteroposterior diam-
eter, 47.1±5.8 mm (Table 1).

Figure 2. a, b. MDCT of a 39-year-old female. The route of the renal artery on axial (a) and coronal (b) images and renal artery diameter 
measurement.
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Table 1. Mean±standard deviation (SD), minimum, maximum and 95% confidence 
interval for kidney dimensions (kidney length, width and anteroposterior dimensions), mRA 
diameter, aRA diameter and statistical correlation of mRA diameter with those parameters

Measurements
Mean±SD 

(mm)
Minimum 

(mm)
Maximum 

(mm)
mRA 

diameter

   Kidney dimensions

 Length 108.03±11.32 62.5 145.0 r = 0.426

P < 0.001

 Width 49.06±6.23 28.8 68.6 r = 0.471 

P < 0.001

 Anteroposterior 47.06±5.78 30.0 66.3 r = 0.421

P < 0.001

   mRA diameter 5.51±0.96 1.6 8.8 1

   aRA diameter 2.78±0.98 1.1 5.2 r = 0.080

P = 0.492
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The prevalence of aRA 
  Two hundred fifty-eight (77.2%) of 

the 334 kidneys had a single RA (with 
no aRA), whereas 76 (22.8%) had one 
or more aRAs. Of the kidneys with 
aRAs, 66 kidneys (19.8%) had one aRA, 
whereas 10 (3%) had two aRAs. The 
prevalence of aRA in our study group 
(22.8%) was similar to that described 
in the literature (P = 0.376). 

The mRA and aRA diameters
The mean diameters for mRA and 

aRA were 5.51±0.96 mm and 2.78±0.98 
mm, respectively (Table 1). The mRA 
diameters had a positive correlation 
with kidney dimensions (r = 0.4–0.5, P 
< 0.001) (Table 1), whereas there was 
no correlation between the aRA diam-
eter and kidney dimensions.

The features of mRA diameter in kidneys 
with aRA 

The mRA diameter was smaller in 
kidneys with an aRA than in those 
without aRAs (P < 0.001) (Table 2, Fig. 
3). The highest rates of sensitivity and 
specificity were obtained when 4.85 
mm was taken as a cut-off point for the 
mRA diameter to predict the presence 
an aRA. This cut-off value provided a 
sensitivity of 54%, a specificity of 87%, 
a negative predictive value (NPV) of 
85% and a positive predictive value 
(PPV) of 58% (AUC, 0.755; P < 0.001). 
When 4.15 mm was taken as a cut-off 
point for the mRA diameter, the specif-
icity, NPV, and PPV were found to be 
99%, 80%, and 90%, respectively, with 
low sensitivity (26%). Table 3 shows 
the sensitivity, specificity, and nega-
tive and positive predictive values for 
three different cut-off points. 

The formula to determine the presence of 
aRAs

According to the logistic regres-
sion results presented in Table 4, the 
formula using the kidney length and 
mRA diameter together had an accu-
racy of 97% in showing the absence 
of aRA and of 38% in showing the 
presence of aRA (with an overall accu-
racy of 85%). An increase of 1 mm in 
kidney length resulted in an increase 
in the probability of having an aRA 
by 1.054 times, and an increase of 1 
mm in mRA resulted in a decrease in 
the probability of having an aRA by 
0.232 times (Nagelkerke R2 = 0.275, 
P < 0.001). These logistic regression 
results can be used to determine the 

Figure 3. MDCT of a 42-year-old female. Measurements of the diameters of the right main 
renal artery (RmRA), right accessory artery (RaRA) and left main renal artery (LmRA). Note that 
the RmRA is smaller than 4.85 mm, which suggests that it may have an accessory renal artery.

Table 2. The mRA diameter of a kidney without an aRA, with one aRA and with two aRAs

Number of 
aRA

Number of 
kidneys

mRA diameter (mm)

Mean±SD Minimum Maximum

0 258 5.71±0.83 2.9 8.8

1 66 4.88±1.07 1.6 7.7

2 10 4.46±0.97 3.1 6.3

Table 4. Results of the logistic regression model using kidney length and mRA diameter

Parameters 
Standard 
error of 

P 
value

Odds 
ratio

95% confidence interval

Lower 
bound

Upper 
bound

mRA diameter -1.459 0.209 P < 0.001 0.232 0.154 0.350

Kidney length 0.052 0.015 P = 0.001 1.054 1.023 1.086

Nagelkerke R2 = 0.275, P < 0.001

, regression coefficient; Nagelkerke R2, Nagelkerke’s R square measurement

Table 3. Specificity, sensitivity, and negative and positive predictive values for three 
different cut-off points for the mRA diameter

Cut-off point 
(mm)

Sensitivity Specificity Negative 
predictive valuea

Positive 
predictive valueb

4.85 54% 87% 85% 58%

4.65 48% 91% 84% 64%

4.15 26% 99% 80% 90%

aFor the negative predictive value calculation, the negative prevalence value is taken as 75%
bFor the positive predictive value calculation, the positive prevalence value is taken as 25%
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probability of having an aRA accord-
ing to the formula in Fig. 4.

In this context, the results provide 
the probability of having an aRA given 
the mRA diameter and kidney length 
values. A probability result ( ^P   ) equal to 
or greater than 0.50 indicates the pres-
ence of an aRA, whereas a value smaller 
than 0.50 indicates the absence of an 
aRA. 

Discussion
The aRA constitutes the most com-

mon clinically important renal vas-
cular variant. Previous anatomic, 
conventional angiographic and CT 
angiographic reports concerning the 
renal artery have been typically mor-
phometric studies and have usually in-
vestigated the prevalence of an aRA (1, 
10, 15, 16). The prevalence of an aRA 
has been generally accepted to be ap-
proximately 25–30% in different study 
series (1–4, 7). 

Knowledge of the presence/absence 
of an aRA has several advantages in rou-
tine daily practice. The most important 
of these is guidance regarding invasive 
procedures. Knowledge of the arterial 
anatomy of the kidney, especially prior 
to surgeries carried out with a small 
field of view, such as laparoscopic and 
retroperitoneoscopic nephrectomy, 
aids in decisions in planning the neph-
ron-sparing surgery and prevents possi-
ble perioperative surprises (17, 18). For 
example, a donor kidney without an 
aRA is preferred because it allows for an 
easier surgery for both the donor and 
the recipient (6, 18, 19). Bleeding due 
to an invasive procedure performed on 
an aRA may result in open laparotomy, 
whereas a missed case of an aRA may 
cause an infarct in a transplanted kid-
ney and associated hypertension in the 
recipient (12, 17). It is also necessary to 
know whether an aRA is present prior 
to investigating the isolated aRA steno-
sis in a case with normal mRA hemo-
dynamics (4). 

Early generation CT has been accept-
ed as inadequate for the visualization 
of an aRA (4), because a previous CT 
angiographic study has reported that 

the detection of vessels smaller than 2 
mm is limited with this technique (20). 
In the present study, the smallest renal 
artery diameter found was 1.1 mm, 
and this value showed that the stated 
limitation is overcome by MSCT, espe-
cially 64-slice CT, due to the availabil-
ity of the smallest (0.5 mm) thickness 
(6, 7, 10). In our study with a larger 
number of patients, the aRA prevalence 
of 22.8% was close to the prevalence 
found in a cadaveric study (2). These 
findings indicate that MSCT angiog-
raphy provides results similar to those 
obtained for the conventional angiog-
raphy technique (6, 10, 18, 19).

Different radiological methods have 
shown the aRA directly with high but 
different degrees of accuracy (9, 10, 11, 
20). To increase the diagnostic accura-
cy, indirect findings may be utilized to 
determine the presence/absence of an 
aRA. In a study performed to evaluate 
indirect findings to predict the pres-
ence of an aRA, Aytac et al. (9) have 
found that the mRA diameter is sig-
nificantly smaller in the presence of 
an aRA. Because this study group in-
cluded only patients with normal kid-
ney length dimensions (80–120 mm), 
the generalization of these findings to 
other kidneys remains unclear. Howev-
er, the same finding was verified in our 
study with no limitations of the kidney 
dimensions and a larger number of pa-
tients with and without aRA (Table 2). 

The finding of a smaller mRA diam-
eter in kidneys with an aRA, in paral-
lel to the study reported by Aytac et al. 
(9), has led to the question of wheth-
er a mRA diameter cut-off value can 
be determined for such kidneys. The 
highest rates of sensitivity and specifi-
city for determining the aRA (54% sen-
sitivity, 87% specificity, 85% NPV, and 
58% PPV) were obtained when 4.85 
mm was taken as a cut-off point for 
the mRA diameter (Table 3). However, 
despite the high specificity and NPV 
values, the sensitivity and PPV values 
for this cut-off value were not high 
enough to provide an idea about the 
presence of an aRA of a kidney during 
routine investigation. 

The 4.65 mm cut-off value for the 
mRA diameter reported in the study by 
Aytac et al. (9) showed 80% sensitivity 
and 80.5% specificity. Using this mRA 
diameter cut-off value (4.65 mm) in 
the present study provided high spe-
cificity (91%) but low sensitivity values 
(Table 3). However, when a cut-off val-
ue of 4.15 mm was used for both Aytac 
et al.’s (9) and the present data, the 
sensitivity decreased significantly but 
the specificity increased to 99%. In the 
present study, the PPV and NPV values 
for a cut-off value of 4.15 mm were 
90% and 80%, respectively. This result 
indicates that it is possible to state that 
“aRA is present” with 90% accuracy 
when the mRA diameter is 4.15 mm or 
smaller and that “aRA is absent” with 
80% accuracy when the mRA diameter 
is larger than 4.15 mm in a particular 
kidney. The PPV and NPV values cal-
culated from data reported by Aytac et 
al. were similarly high (96% and 86%, 
respectively). Although the best cut-off 
value, patient groups and radiological 
techniques used (DSA, MSCT) differed 
between the two studies, a common 
finding was the high probability of 
the presence of an aRA when the mRA 
diameter was equal to or smaller than 
4.15 mm. This result suggests that the 
discovery of a mRA diameter of 4.15 
mm or less during radiological investi-
gations indicates a high probability of 
the presence an aRA and should lead 
to more detailed studies regarding the 
presence of an aRA in that kidney. This 
information is important; however, 
only 23 (6.9%) of the 334 kidneys as-
sessed in our study demonstrated such 
mRA values, and thus, such findings 
are not a common occurrence in rou-
tine practice. 

Our inability to detect a mRA diam-
eter cut-off value with sufficiently high 
specificity and sensitivity together to 
detect an aRA has limited the utility of 
mRA diameter values alone in routine 
practice. Logistic regression analysis 
to detect the presence/absence of aRA 
has shown that the mRA diameter and 
longitudinal kidney length are the 
influential factors. Therefore, we de-
veloped a formula comprising these 
two variables, which can be easily and 
quickly measured in routine practice. 
We found a low degree of accuracy 
when this formula was used to detect 
the presence of an aRA but a very high 
degree of accuracy (97%) when it was 
used to detect the absence of an aRA. 

Figure 4. The probability of having an aRA.
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The longitudinal kidney length and 
mRA diameter, which can be quickly 
measured during renal artery evalua-
tions in routine practice, revealed the 
absence of an aRA with 97% accuracy 
when the result was less than 0.50. 

The information obtained regarding 
the presence/absence of an aRA using 
the indirect findings described above 
does not eliminate the requirement for 
conventional CT or MR angiography to 
evaluate the renal arteries before inva-
sive procedures such as nephron-spar-
ing renal tumor surgery or renal trans-
plantation. However, these indirect 
findings may decrease the number of 
additional investigations needed to ex-
clude isolated aRA stenosis (although 
rare), as they indicate the presence or 
absence of aRA. These indirect findings 
may also supply preliminary informa-
tion to the radiologist, thus decreasing 
the study evaluation time and facilitat-
ing confirmation of the decision.

The main limitation of our data is 
that they were not verified by other ra-
diological methods. We think that the 
measurements obtained herein can be 
considered as actual dimensions be-
cause we used MSCT together with iso-
tropic data acquisition, which provides 
images that closely mimic the actual 
state. In the literature, the accuracy of 
MSCT angiography has been described 
to be similar to that of DSA, and the 
prevalence of aRA in the present study 
was similar to that described in the 
literature. However, these MSCT val-
ues cannot be used to replace other 
radiological methods in an equivalent 
manner, such as US, MRI or DSA, due 
to differences between the techniques. 
The demonstration of a correlation 
with other investigative techniques 
could increase the reliability of the 
study results; however, this would 
require that the patients undergo a 
greater number of investigations and 
would probably decrease the number 
of study subjects.

Another limitation was that al-
though the developed formula was al-
most 100% accurate in predicting the 
absence of an aRA, this database was 
limited to our own patient group, al-
beit with a large number of patients. 
This formula needs to be used in differ-

ent patient groups and with different 
radiological modalities in other studies 
to test the validity of the formula.

In conclusion, the measurement of 
the mRA diameter can provides clues 
regarding the presence of an aRA, and 
an aRA can be said to be present with 
an accuracy of 90% in a kidney with a 
mRA diameter equal to or smaller than 
4.15 mm. Using the formula that em-
ploys the mRA diameter and kidney 
length, as defined in our study for the 
first time, enables us to determine the 
absence of an aRA with almost 100% 
accuracy. The use of these results in aRA 
evaluation can decrease the assessment 
duration and facilitate radiologist deci-
sions concerning the requirement for 
advanced investigations, depending 
on the indication, by providing quick 
and reliable preliminary information 
regarding the presence or absence of 
an aRA.
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