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V ascular stenting is a non-invasive method often used to treat pa-
tients with renal artery stenosis (1). Stent failure or restenosis is 
reported to occur in approximately 17% of patients (0%–40%) 

(2–5). Multiple factors can contribute to renal artery stent failure or res-
tenosis (6). One of these factors is thought to be kidney mobility and 
renal artery mobility leading to stent fracture (7–11). Increased artery 
mobility has been found to be associated with stent fracture in other 
sites, namely the iliac arteries, superficial femoral arteries, and bile ducts 
(12–14). Although data regarding the clinical importance of renal artery 
stent fracture are lacking, significant restenosis is correlated with frac-
ture in other sites and may be as high as 67% and 76% in the femoro-
popliteal and superficial femoral arteries, respectively (15, 16). 

The movement of a stent within a mobile artery exacerbates the risk of 
stent restenosis and thrombosis in addition to the risk of stent fracture 
(17). Restenosis is most commonly the result of stent-induced endothe-
lial trauma leading to an exaggerated repair process, inflammation and 
intimal hyperplasia (18–23). Similarly, thrombosis results from the ex-
posure of thrombogenic arterial wall components after endothelial inju-
ry (24). In addition to intimal hyperplasia, chronic stent recoil has been 
shown to account for some lumen loss in stented renal arteries (25). 
The additional shear stress caused by a mobile artery may potentially 
accelerate stent recoil and restenosis and increase the risk of thrombus 
formation (17, 26).

Kidney and renal artery mobility are likely factors in stent failure and 
restenosis, and establishing mobility preoperatively may be clinically use-
ful in predicting future failure. Knowledge about the magnitude of renal 
artery and stent movements may also be useful in designing and testing 
new stents. Kidney position and the renal artery angle have been shown 
to change with inspiration and expiration (27–29). Body position changes 
have also been shown to alter cardiovascular and renal physiology (30–
33). However, no data exist on the range of kidney or renal artery mobil-
ity with changes in body position. Additionally, the magnitude of renal 
artery movement required to cause stent malfunction is unknown.  

To evaluate the ability of computed tomography (CT) to identify kid-
ney and renal artery mobility, we retrospectively compared supine and 
prone images from a cohort of CT colonography patients and measured 
the changes in kidney location and renal artery angle. We also correlated 
the degree of kidney mobility to the change in renal artery angle.     

Materials and methods
Patients

All patients undergoing CT colonography consented to participation 
in this research study. The scans of 100 consecutive patients were ana-
lyzed; the patient population included 51 males and 49 females, with 
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PURPOSE
Renal artery stent failure may result from excessive kidney mo-
bility in some patients. We used computed tomography (CT) 
to determine the prevalence and magnitude of renal displace-
ment due to postural changes.

MATERIALS AND METHODS
A retrospective review of 100 consecutive CT colonography 
examinations was performed to measure renal artery loca-
tion and displacement in both axial and coronal views using 
paired supine and prone non-contrast scans. Kidney displace-
ment from the prone to supine position was correlated with 
a change in renal artery angular deviation. Statistical signifi-
cance was determined using t-tests and Pearson correlations. 
Results were based on measurements made by a single ob-
server.

RESULTS
Mobility and angular displacement between the prone and 
supine positions were significant bilaterally and in both planes 
(P < 0.01) except for the coronal plane kidney mobility on 
the left (P = 0.32). The axial plane correlation between kid-
ney and artery mobility was significant bilaterally (left/right 
R=0.44/0.22, P < 0.01/0.03); the coronal plane correlation 
was only significant on the left (left/right R=0.26/0.18, P = 
0.01/0.08). The mean axial plane mobility and angle change 
were greater on the left (left/right mobility 13 mm/7 mm; 
left/right angle change 18o/8o). In contrast, the mean coronal 
plane mobility and angle change were greater on the right 
(left/right mobility 4 mm/22 mm; left/right angle change 
4o/8o). Fourteen patients had a mobility in excess of 32o.

CONCLUSION
During postural changes, the kidneys and renal arteries dem-
onstrate significant correlated mobility. Renal artery move-
ments can be identified using a low-radiation dose CT exam.
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package. Three-dimensional multi-
planar reformats were generated for all 
patients undergoing CT colonography. 
The workstation software allows view-
ing of any oblique plane for both the 
supine and prone views with pixel-to-
pixel correlation between multi-planar 
views. Linear measurements can be 
made in any plane. The images were 
viewed in a standard soft tissue win-
dow (window=400, level=40).

Kidney mobility measurement  
The anteroposterior and cephalo-

caudad  displacement of the kidneys 
was measured based on the change 
in location of the center of the kid-
ney between prone and supine views. 
The center of the kidney was visually 
approximated in all three planes and 
marked. The change in the kidney po-
sition was then determined by meas-
uring the distance between the kid-
ney center and a vertebral landmark 
reference point in both the supine 
and prone positions. Multi-planar re-
constructions were viewed in 10 mm 

thick reconstructions. The method of 
measuring anteroposterior mobility of 
the kidney as seen in the axial plane 
is described in Fig. 1. The method of 
measuring the cephalocaudal mobil-
ity of the kidney as seen in the sagittal 
plane is described in Fig. 2. 

Renal artery angle measurement
The axial slice at the level of ori-

gin of the superior mesenteric artery 
(SMA) was selected. To compensate for 
the variable tortuosity and position of 
the aorta, a line connecting the center 
of the aorta and the SMA origin was 
drawn (Fig. 3a). While the aorta-SMA 
line position varied from patient to pa-
tient due to the variable SMA origin, 
this line remained constant in each 
patient when changing postures from 
supine to prone. Therefore, this aorta-
SMA line served as a supine-prone ref-
erence point from which to measure 
the postural change in the axial plane 
renal artery angle. The origin of the re-
nal artery was identified on both sides 
in all cases. The method of measuring 

a mean age of 61 years (range, 42–95 
years). No patients with known con-
ditions that would have allowed for 
unusually increased organ or vascular 
mobility were included in this study.  

Image acquisition
CT colonography exams were per-

formed on a 64-slice scanner (Philips 
Brilliance, Philips Healthcare, Andover, 
Massachusetts, USA) using a 40×0.625 
detector configuration, a 0.5 s rota-
tion time, 50 mAs/slice, 120 kVp (140 
kVp for obese patients), and the filter 
“B” algorithm; the reconstruction was 
based on 1 mm thick slices at 0.8 mm 
intervals. All exams were done without 
intravenous contrast enhancement us-
ing a standard breath-hold protocol af-
ter maximal inspiration. Patients were 
scanned in both the supine and prone 
positions. The CT datasets were trans-
ferred to a workstation (GE Advantage 
Windows Workstation ver. 4.2-06; GE 
Healthcare Global Diagnostic Imaging 
Inc., Waukesha, Wisconsin, USA) 
and viewed in the CT colonography 

Figure 1. Method to determine kidney mobility in the anteroposterior direction. 
Axial slice at the level of the center of the right kidney. A line is drawn from 
the spinal process through the middle of the vertebral foramen to the anterior 
crest of the vertebral body. Another line is drawn from the anterior crest of 
the vertebral body at a 90o angle to the first line. The second line serves as 
a reference landmark from which the anterior or posterior movement of the 
kidney is measured. A third line extending from this landmark at a 90o angle 
is drawn to the center of the kidney. The change in the length of this line 
between the supine and the prone views is the metric used for the kidney 
mobility in the axial plane (axial mobility line). The initial measurement is 
obtained in the prone view and subtracted from the measurement in the supine 
view, which typically yields a positive number. VB, vertebral body; VF, vertebral 
foramen; SP, spinal process; KC, kidney center; AM line, axial mobility line.

Figure 2. Method to determine kidney mobility in the 
cephalocaudal direction. Sagittal slice at the hemi-section of 
the vertebral body. The center of the kidney is located using 
all three planes and marked with an X. The marked X is then 
correlated to the sagittal plane. The sagittal images are used 
to locate the anterior-cephalic corner of the L5 vertebral 
body, which serves as a reference landmark. A line is drawn 
from the anterior-cephalic corner of L5 vertically to the 
same horizontal level as the center of the kidney. This line 
is measured in both the prone and supine views. The initial 
measurement is obtained in the prone view and subtracted 
from the measurement in the supine view; which typically 
yields a positive number. KC, kidney center.
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Figure 3. a, b. Method to determine the axial renal artery origin angles. (a) Axial image at the level of the superior mesenteric artery. A line 
connecting the center of the aorta and the superior mesenteric artery origin is drawn to create an Aortic-SMA line. (b) Axial slice at the level 
of the renal artery origin. The Aorta-SMA line is drawn on this view using precisely the same orientation. A line from the first few millimeters of 
the renal artery (bold line) is extended to the Aorta-SMA line. This is called the renal artery origin line. The angle that results between the renal 
origin line and the Aortic-SMA line is measured. SMA, Superior mesenteric artery; LRA, left renal artery; RAOL, renal artery origin line.

Figure 4. Diagram showing method to determine the right renal artery origin angle in the 
coronal plane. Coronal slice at the level of the center of the renal artery origin. A line is drawn 
parallel to the axis of the aorta at the level of the renal artery origin as viewed on a 10 mm 
thick reconstruction. Using a 2 mm reconstruction, a line from the first few millimeters of the 
renal artery to the line of the aortic axis is drawn. The resulting aorta to renal artery angle is 
measured. LRA, Left renal artery.

ba

the renal artery angle change as seen 
in the axial plane is shown in Fig. 3b. 
The method of measuring the renal ar-
tery angle change as seen in the coronal 
plane is described in Fig. 4. The meas-
urements were performed independent-
ly for the main right and left renal arter-
ies. Accessory vessels were not included. 

Data analysis
Results were based on a single medi-

cal student’s measurements (observer 

#1). In addition, observer #1 and an-
other medical student (observer #2) 
each performed two sets of measure-
ments on a random sample of ten 
consecutive patients to determine 
intra- and inter-observer variability. 
Observers underwent a detailed tutori-
al from an experienced supervising ra-
diologist on how to take kidney mobil-
ity measurements; however, they did 
not have prior experience interpreting 
abdominal images. Data were analyzed 

separately for the right and left kid-
neys, for the axial and coronal planes, 
and for the supine and prone positions. 
We calculated the difference in the re-
nal artery angles and the kidney move-
ment between the two body positions 
and evaluated each for statistically sig-
nificant changes using a paired t-test. 
Statistical significance only indicates 
that there was a measurable difference 
in the renal position and renal artery 
angle with a postural change and does 
not imply clinical significance. A t-test 
was also used to determine any differ-
ences in the angle change and kidney 
mobility between males and females. 
For each patient, changes in the angle 
were plotted against the correspond-
ing kidney mobility to generate a scat-
ter plot. A trend line was interpolated 
from the scatter plot, and the data 
were subjected to a Pearson correlation 
test to determine the statistical signifi-
cance of the relationship. Pearson cor-
relation was also used to determine the 
relationship of renal artery movement 
between the right and left sides and be-
tween the axial and coronal planes on 
the same side.  

To approximate an angle change 
that could potentially have a clinically 
significant risk, the mean and standard 
deviation of the absolute magnitude 
of all angle changes (i.e., in both axial 
and coronal planes and on both sides) 
were calculated. The absolute value 
of the angle changes were chosen for 
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this calculation because the magnitude 
of movement, and not the direction, 
would be of greater clinical signifi-
cance and because the absolute value 
data could be more easily utilized in fu-
ture studies of mobility. Angle change 
values of one standard deviation and 
two standard deviations above the 
mean were arbitrarily chosen as thresh-
olds that could potentially pose a clini-
cally significant risk for stent malfunc-
tion, and the number of patients with 
movement above each of these angle 
thresholds was determined. Extreme 
angle change was defined as greater 
than two standard deviations above 
the average.  

The concordance correlation coef-
ficient (CCC) and Pearson correla-
tion coefficient (r) were used to assess 
intra- and inter-observer agreement 
in measuring the renal artery angle 
change and kidney mobility (34, 35). 
The average value of each observer’s 
two measurements was used for inter-
observer analysis. The study was con-
ducted with approval of the institu-
tional review board.

Results
Kidney mobility

The prone to supine kidney position 
changes were averaged for both kid-
neys and for both anteroposterior and 
cephalocaudal directions of movement 
(Table 1). Movement of the kidney 
with body position change from prone 
to supine was statistically significant in 
both directions on the right and only 
in the anteroposterior direction on 
the left (P < 0.01; Fig. 5a and 5b). The 
cephalocaudal left kidney movement 
was not statistically significant on av-
erage (P = 0.29); there was a significant 
difference in females (mean mobility, 
5.5 mm; range, -27.7 to 32.1 mm; P < 
0.01) but not in males (mean mobil-
ity, -2.1 mm; range, -44.2 to 37 mm; P 
= 0.73). Anteroposterior mobility was 
greater on the left; however, cephalo-
caudal plane mobility was greater on 
the right (Table 1). 

Renal artery angle change
The left and right renal artery ostium 

angle changes were averaged for both 
the axial and coronal views (Table 2). 
With the change in body position, the 
renal artery angle changed significant-
ly on both sides and in both planes (P < 
0.01; Fig. 5c and 5d). The greatest angle 
change was seen on the left side in the 

Figure 5. a–d. Changes in the renal artery angle (a, b) and the kidney position (c, d) with 
prone to supine patient movement. Data points on the longer line represent mean values. 
A/P, anteroposterior.

b

d

a

c



CT as a predictor for kidney and renal artery mobility • 31Volume 18 • Issue 1

axial plane (Table 2). The mean abso-
lute angle change on either side and in 
either plane was 12.7o±9.6o. Mobility 
greater than one standard deviation 
above the mean (>22o) was present 
in 47 out of the 100 cases. Mobility 
greater than two standard deviations 
above the mean (>32o) was defined as 
extreme and was present in 14 out of 
the 100 cases.  

Kidney-renal artery mobility correlation
In each patient, the axial plane re-

nal artery angle change was plotted 
against the anteroposterior kidney 
movement for both the left and right 
side. The equations for the trend lines 
were y=0.4802x ±12.05 for the left side 
and y=0.2506x ±9.34 for the right side 
(Fig. 6). The same method was used 
to plot the coronal plane artery angle 
change against the cephalocaudal kid-
ney mobility for both sides. The coro-
nal plane trend line equations were 
y=0.2044x ±3.45 for the left side and 
y=0.1245x ±3.95 for the right side. 

The Pearson correlation (r) was per-
formed to evaluate the significance 
of the correlation between kidney 
mobility and the renal artery angle 
change and to evaluate the correla-
tion between the movement of the 
right and left renal arteries within the 
same plane. In the axial plane, the cor-
relation between the renal artery an-
gle change and kidney movement was 
significant for both the left and right 
(r=0.44, P < 0.01 and r=0.22, P = 0.03, 
respectively). There was a correlation 
between the coronal plane artery an-
gle change and cephalocaudal kidney 
movement on both sides, although 
this correlation was significant only 
on the left side (left: r=0.26, P = 0.01; 
right: r=0.18, P = 0.08). The correlation 
in angle change between the right and 
left renal arteries was significant in the 
axial plane but not in the coronal plane 
(axial r=0.2, P = 0.04; coronal r=0.11, P 
= 0.28). There was no correlation in re-
nal artery movement between the axial 
and coronal planes on the same side 
(left: r=-0.13, P = 0.33; right: r=-0.07, P 
= 0.46). Therefore, the amount of arte-
rial mobility in one plane did not pre-
dict the amount of movement in the 
other plane.

Male-female variability
There were significant male-female 

differences in left artery angle change 
and left kidney mobility, both in the 

Figure 6. a, b. Scatter plot of the corresponding renal artery angle change and kidney mobility 
in the axial plane for the left (a) and right (b) sides.  

b

a

Table 1.  Renal mobility (n=100 patients)

Position in 
prone
(mm)

Position in 
supine
(mm)

Change in position  
(Prone–supine)

(mm)

Axial planea

Left kidney 7 21 13 (range, -1 to 49) P < 0.01

Right kidney 15 21 7 (range, -4 to 32) P < 0.01

Coronal planeb

Left kidney 119 114 4 (range, -44 to 37) P = 0.29

Right kidney 131 109 22 (range, -16 to 63) P < 0.01

aAntero-posterior kidney mobility.
bCephalo-caudal kidney mobility.
Kidney center determined in coronal plane; distance from landmark measured in sagittal plane.   
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coronal plane (P = 0.007 and P = 0.03, 
respectively). All other measurements 
were similar between the sexes. 

Measurement variability
The intra- and inter-observer CCC 

and r were both greater than 0.80 for 
kidney mobility on both sides and in 
both planes and for the left-sided axial 
renal artery angle change. The CCC 
and r values >0.80 indicated that these 
particular results were reliable. Lower 
measurement reproducibility was ob-
served for the measured angle changes 
in the coronal plane on both sides and 
in the right renal artery angle change 
in the axial plane (Observer 1 left/right 
coronal and right axial: CCC=0.43/0.54 
and 0.66, r=0.49/0.56 and 0.81, respec-
tively; Observer 2 left/right coronal 
and right axial: CCC=0.63/0.67 and 
0.46, r=0.64/0.71 and 0.46, respective-
ly; inter-observer agreement left/right 
coronal: CCC=0.56/0.65, r=0.59/0.69, 
and right axial CCC=0.24, r=0.33). 

Discussion 
Renal movement had a direct small 

but statistically significant correlation 
with renal artery angle change on both 
sides in the axial plane. Axial plane di-
rection changes in kidney position and 
renal artery angle were smaller in mag-
nitude on the right side compared to 
the left side. This difference in mobil-
ity may be related to the right kidney’s 
position caudal to the liver, which hin-
ders the kidney from moving forward, 
and the right renal artery position pos-
terior to the inferior vena cava (IVC), 
which prevents movement of the ar-
tery. Conversely, Suh et al. suggested 
that greater movement of the left renal 
artery could be due to its greater entan-
glement, creating fulcrum points along 

the vessel (Suh et al., presented at the 
2007 ASME Summer Bioengineering 
Conference in Keystone, Colorado, 
USA). Consistent with these findings, 
stent fractures were found to be more 
frequent on the left by Robertson et al. 
(8) (left, 67%; right, 33%). 

The relationship between kidney 
mobility and renal artery angle change 
was significant for the left side but was 
not significant on the right in the coro-
nal plane. We postulate that the lack of 
correlation on the right is based on two 
anatomic factors. First, the IVC may 
have hindered right renal artery move-
ment in the coronal direction when 
the kidney changed positions. Second, 
the renal arteries have a naturally oc-
curring bend that is more acute on the 
right due to the renal artery’s course 
behind the IVC (27). Our angle meas-
urements were based only on the prox-
imal segment of the artery and likely 
insufficiently captured the mobility or 
angle change of the distal portion of 
the artery. Therefore, a kidney move-
ment in the cephalic direction will 
move the distal artery alone, without 
significantly affecting the proximal 
artery position or angle. In agreement 
with the results of a previous study, we 
found that the maximal coronal plane 
kidney displacement occurred on the 
right (27). 

Our study had several limitations. 
One observer was used to make all of 
the CT measurements used for data 
analysis. This limitation was partially 
addressed by showing an intra- and 
inter-observer correlation greater than 
0.80 for the majority of measurements. 
Our study did not evaluate movement 
that occurs during posture change 
from supine or prone to upright. 
However, CT scanning in the upright 

position was not feasible, and our aim 
was to establish a practical test that 
could identify patients with highly 
mobile arteries. Due to the measure-
ment method, only proximal renal 
artery movement with respect to the 
aorta was evaluated, and distal bend-
ing was not assessed. However, because 
the majority of atherosclerotic disease, 
and therefore stenting, is localized to 
the proximal portion of the renal ar-
tery, this limitation may not necessar-
ily hinder the usefulness of our results. 
All CT colonography exams in this 
study were performed without contrast 
and at a low radiation dose. While the 
use of contrast and a higher radiation 
dose may have resulted in superior im-
age quality, the image resolution in 
this study was adequate to assess renal 
position and vasculature. Because the 
aim of our study was to evaluate both 
a practical and minimally invasive 
method to test for kidney mobility, the 
use of contrast or a higher radiation 
dose would have undermined the fu-
ture applicability of our results. Finally, 
while the effect of respiration was not 
addressed in this study, previous stud-
ies have shown that respiratory motion 
has an effect on renal displacement 
(27–29). Although all patients were 
scanned using breath-hold after maxi-
mal inspiration in both the supine and 
prone positions, the prone position 
likely prevented the same amount of 
inspiration as in the supine position. 

Our data support a direct relation-
ship between kidney mobility and 
the change in the renal artery angle 
as viewed in multiple planes. Our 
results are consistent with those of 
a prior study and confirm the find-
ing that kidney movement occurs 
with changes in body position (36). 
This movement is likely implicated 
in stent fracture (7–11). Additionally, 
inflammation and intimal hyperplasia 
caused by excessive stent movement 
may promote restenosis and throm-
bosis (17). In patients who develop 
stent failure or thrombosis, low-dose 
CT scans in varying positions may re-
veal if kidney mobility was an impli-
cating factor. Knowledge of renal ar-
tery mobility and biomechanics may 
also be employed for stent design and 
in planning trans-renal aortic graft 
placement (37–39). 

The current study provides a bench-
mark range of movement that can be 
used as a reference for comparison. 

Table 2.  Renal artery angle change (n=100 patients)

Angle in 
prone 

position

Angle in 
supine 

position

Change in 
angle

(Prone–supine)

Axial plane  

Left renal artery 106o 88o 18o (range, -1o to 42o) P < 0.01

Right renal artery 92o 84o 8o (range, -4 o to 32o) P < 0.01

Coronal plane

Left renal artery 73o 68o 4o (range, -19o to 25o) P < 0.01

Right renal artery 68o 60o 8o (range, -10o to 27o) P < 0.01
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It is unknown what magnitude of re-
nal artery angle change may be clini-
cally significant. Our study had a wide 
range of measured renal artery angle 
changes; 47% of patients had an angle 
change greater than 22o, and 14% had 
a change of 32o or more. We suggest 
further study regarding kidney mobili-
ty in cases of stent intervention failure, 
which will lead to a more complete un-
derstanding of the factors involved in 
failure and improve future treatment 
options. 
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