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1. Introduction
Magnetic resonance imaging (MRI) can provide 
multiplanar images with high soft-tissue resolution 
without giving ionizing radiation to the patient. Hence, 
MRI is currently used for lumbar spinal imaging with the 
aim of evaluating spinal pathologies and low back pain 
(1,2). Routine use of MRI for low back pain and spinal 
pathologies has increased the frequency of identifying 
extraspinal findings (3). 

While facilitating correct diagnosis in daily radiology 
practice, anatomical knowledge of anomalies and 
variations could help reduce complications of abdominal 
surgery and invasive radiological procedures. There are 
many variations and anomalies of the kidneys and the 
inferior vena cava (IVC) that are mostly asymptomatic 
but pose potential hazards to the surgeon, especially 

during retroperitoneal surgery, aortic operations, and 
interventional radiology applications (4). Variations 
of the IVC and the left renal vein (LRV) are of clinical 
significance in the surgical planning before nephrectomy. 
More information about renal venous anatomy is required 
during laparoscopic donor nephrectomy, as the inspected 
area during laparoscopy is more limited than the area 
inspected during open nephrectomy. It is important for any 
pelvic surgeon performing abdominal lymphadenectomy 
to be familiar with the anomalies of the retroperitoneal 
vascular system (5,6). Recognizing IVC variations is 
crucial in preparing for invasive procedures, including 
liver transplantation (7). The purpose of this study was to 
figure out the frequencies and types of renal anomalies, 
IVC variations, and LRV variations by means of lumbar 
spinal MRI. The relationship of sex with these anomalies 
and variations was also evaluated.

Background/aim: The variations and anomalies of the kidneys besides the variations of the inferior vena cava (IVC) and left renal vein 
(LRV) are mostly asymptomatic, but they carry potential risks particularly during retroperitoneal surgery and radiological interventions. 
Our aim was to find the frequencies, types, and sex distribution of renal anomalies and variations of the IVC and LRV utilizing magnetic 
resonance imaging (MRI). 

Materials and methods: Between November 2010 and April 2011, a retrospective study was conducted including lumbar spinal MRI of 
3000 consecutive patients (1869 females and 1131 males) with a median age of 54 years (range: 9–78 years). 

Results: The percentages of renal anomalies and variations of the IVC and LRV were 0.9%, 0.07%, and 2.6%, respectively. Sex did not 
affect the distribution of renal anomalies (P = 0.2), IVC variations (P = 0.72), or LRV variations (P = 0.26).

Conclusion: Lumbar spinal MRI is useful in detecting renal anomalies and variations of the IVC and LRV.
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2. Materials and methods
2.1.  Study design
We conducted a retrospective study including 3000 
consecutive patients who were examined by routine 
lumbar spinal MRI for discopathy between November 2010 
and April 2011. The study was performed in accordance 
with World Medical Association’s Declaration of Helsinki 
(revised in 2000, Edinburgh). Written informed consent 
was obtained from each patient and parental consent was 
obtained for patients under 18 years of age. The study 
group consisted of 1869 female patients (62.3%) and 1131 
male patients (37.7%) with a median age of 54 years (range: 
9-78 years). Before collecting the data, all the researchers 
reached a consensus on how to recall the variations. 
Extraspinal findings were classified as either congenital 
anomalies of the kidney or anatomical variations of the 
IVC or LRV. A renal anomaly was defined as an abnormal 
physical condition of one or both kidneys resulting from 
defective genes or developmental deficiencies. An IVC 
variation was defined as a marked difference or deviation 
of the IVC from the normal or recognized number, form, 
or location. A single preaortic LRV joining the IVC was 
described as a normal LRV. Left renal veins with preaortic 
and retroaortic courses and forming a collar around the 
abdominal aorta before joining the IVC at different levels 
were accepted as circumaortic left renal veins (CLRVs). 
A single renal vein crossing posteriorly to the abdominal 
aorta before joining the IVC was accepted as a retroaortic 
left renal vein (RLRV).
2.2. Imaging protocols 
All MRI examinations were performed with a 1.5-T system 
(Philips Achieva, Philips Medical Systems, Eindhoven, 
the Netherlands) with the spine coil in a supine position. 
We obtained axial images starting from the L1 to L2 
level and continued caudally (L2–L3, L3–L4, L4–L5, L5–
S1). Routine T1-weighted and T2-weighted axial and 
sagittal images for intervertebral discs were evaluated 
and additional images were obtained only after detection 
of the mentioned congenital anomalies and anatomical 
variations, for verification. Lumbar spinal MRI consisted 
of sagittal T1W, sagittal T2W, and axial T2W images. In the 
present study, the parameters for lumbar spinal MRI were 
as follows: sagittal T1W (TR/TE, 400/9 ms; thickness/gap, 
4/0.4 mm; NEX, 3; matrix, 225 × 524), sagittal T2W (TR/
TE, 3000/120 ms; thickness/gap, 4/0.4 NEX, 3; matrix, 225 
× 524), and axial T2W (TR/TE, 3000/110 ms; thickness/
gap, 4/0.4 mm; NEX, 3; matrix, 148 × 520).
2.3. Statistical analysis
Descriptive statistics were calculated for all IVC and LRV 
variations and for all renal anomalies. The relationships 
of sex with renal anomalies, IVC variations, and LRV 
variations were evaluated with the chi-square test and 
Fisher’s exact test. P < 0.05 was considered statistically 

significant. All analyses were performed with SPSS 16.0 
(SPSS Inc., Chicago, IL, USA).

3. Results
The number of cases with the correspondent percentage of 
renal anomalies was 27/3000 (0.9%), including unilateral 
renal agenesis (n = 8/3000, 0.3%), malrotation (n = 6/3000, 
0.2%) (Figure 1), ectopia (n = 7/3000, 0.2%) (Figure 2), 
and horseshoe kidney (n = 6/3000, 0.2%) (Figure 3), 
respectively. The numbers of cases with the correspondent 
percentages of renal anomalies for females and males 
were 20/1869 (1.1%) and 7/1131 (0.6%), respectively (P = 
0.2). The frequencies and distribution of renal anomalies 
by sex are given in Table 1. The detected IVC variations 
were left IVC variation (n = 1) (Figure 4) and double IVC 
variation (n = 1) (Figure 5). The number of cases with 
the correspondent percentage of detected IVC variations 
was 2/3000 (0.07%). Sex did not affect the distribution 
of IVC variations (P = 0.72). Variations of the LRV 
consisted of CLRV and RLRV. The number of cases with 
the correspondent percentages of the total LRV variations, 
CLRV, and RLRV (Figure 6) was 79/3000 (2.6%), 15/3000 
(0.5%), and 64/3000 (2.1%), respectively. The numbers of 
female and male patients with all of the LRV variations 
and their correspondent percentages were 54/3000 (1.8%) 
and 25/3000 (0.8%), respectively. The percentage of total 
LRV variations in the female patient group was 2.9% 
and in the male patient group it was 2.2% (P = 0.26). Sex 
had no effect on either LRV variation (P = 0.56 and P = 
0.15, respectively). Frequencies and distribution of LRV 
variations are given in Table 2.

4. Discussion
Embryologically, the kidneys arise in the pelvic region, 
but they ascend to the lumbar region over time (8). If 
any disruption occurs in the developmental process, 

Figure 1. Axial T2-weighted image shows malrotation of the 
kidney on the left side (arrows).
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Figure 2. Axial T2-weighted image reveals a missing kidney on the left side (a). Sagittal T2-weighted image shows a renal 
ectopia anterior to the vertebral bodies on the left side of the pelvic region (arrows) (b).

Table 1. Frequency and distribution of renal anomalies based on sex.

Renal anomalies Females (n = 1869),
n of patients (%)

Males (n = 1131),
n of patients (%)

Total (n = 3000),
n of patients (%)

Unilateral renal agenesis 7 (0.4%) 1 (0.1%) 8 (0.3%)

Renal ectopia 6 (0.3%) 1 (0.1%) 7 (0.2%)

Horseshoe kidney 3 (0.2%) 3 (0.3%) 6 (0.2%)

Renal malrotation 4 (0.2%) 2 (0.2%) 6 (0.2%)

Total 20 (1.1%) 7 (0.6%) 27 (0.9%)

Figure 3. Axial T2-weighted image shows horseshoe kidney 
(arrows: connecting bridge of renal parenchyma anterior to the 
abdominal aorta).
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the following anomalies are observed: bilateral renal 
agenesis (0.0025%–0.025%), unilateral renal agenesis 
(0.1%–0.025%), malrotation, and renal ectopia (0.07%–
1%) (9). In a previous study, postmortem examination of 
cadavers revealed that renal agenesis occurred mostly in 
males. The sex difference could be explained by the higher 
number of male cadavers that underwent autopsy (10). 
However, in our study, it was interesting to see that the 
majority of renal agenesis was observed in female patients 
(n = 7/8). The exact prevalence of renal malrotation is 
unknown due to limited literature. Case studies of renal 
anomalies have emphasized that the renal hilum is usually 
displaced laterally, which is especially important for donor 
nephroureterectomies (11,12). In our study, we found 
renal malrotation in both the right and left kidneys of 
six patients (n = 6/3000, 0.2%). The kidneys, sometimes 
outside the normal anatomic position (ectopic kidneys), 
can be located in the pelvic, abdominal, or thoracic 
regions, or on the contralateral side (13–15), and are more 

frequently found on the left side than on the right side 
(16). Ectopic kidneys have a reported frequency of 0.2% 
to 0.9%. Most commonly, one kidney is normal and the 
other is located in the pelvic region (0.03%), while ectopic 
thoracic kidney (0.008%) is the least common (9). In our 
study, it was interesting to notice that besides six female 
patients with ectopic kidneys, only one male patient had an 
ectopic kidney. Horseshoe kidney is a relatively common 
renal fusion anomaly found in 0.25% of the general 
population and observed twice as frequently in males as in 
females (17). In our study, we observed horseshoe kidney 
in three female patients and three male patients, with no 
statistically significant difference between the sexes.

The duplication of the IVC results from persistence 
of both supracardinal veins (18,19). The percentages for 
duplication of the IVC and left IVC were reported as 0.2%–
3% and 0.2%–0.5%, respectively (18,20). In a computed 
tomography (CT) study of 1120 patients, the rate of left 
IVC variation was found to be 0.1% (19). In our study, we 

Figure 4. Axial T2-weighted images demonstrate the course of the left inferior vena cava (arrows) on the left side of the 
abdominal aorta. 
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Figure 5. Axial T2-weighted images show the course of the double inferior vena cava (arrows) on both sides of the abdominal 
aorta.

Figure 6. Axial T2-weighted image demonstrates the retroaortic 
left renal vein (arrows).
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found left IVC in one patient (0.03%) and double IVC in 
one patient (0.03%).

 Circumaortic left renal vein duplication results from 
persistence of the dorsal limb of the embryonic LRV and 
the dorsal arch of the intersupracardinal anastomosis (21). 
There are two LRVs in a CLRV variation. The superior 
renal vein connects with the left adrenal vein and crosses 
anteriorly to the aorta. The inferior renal vein connects 
with the left gonadal vein and crosses posteriorly to the 
aorta. The prevalence of CLRV duplication may be as high 
as 8.7% (18,22). Retroaortic left renal vein results from 
persistence of the dorsal arch of the intersupracardinal 
anastomosis. The intersubcardinal anastomosis (ventral 
arch) regresses; therefore, a single renal vein passes 
posteriorly to the abdominal aorta (21). Some studies 
reported the prevalence of RLRV as 2.1% (18,22). 
Another study conducted by Yeşildağ et al. (23) revealed 
the incidences of RLRV and CLRV as 2.3% and 0.9%, 
respectively. Yagci et al. (24) also stated the prevalence of 
RLRV as 2.9%. The frequencies in the present study are 
within the range of the above-mentioned studies, which 
helped us compare other imaging modalities with MRI and 
led us to conclude that MRI can be used in the evaluation 
of the left renal vein and its variations.

We did our best to recruit patients from both sexes 
homogeneously. Unfortunately, since nearly 2/3 of our 
patients who were referred to MRI for lumbar pain were 
female (mostly due to obesity, osteoporosis, menopause, 
etc.), and because we had to include our patients 
consecutively without eliminating any of them so as not 
to cause any bias, such a patient profile was unavoidable. 
Though the anatomical resolution and contrast resolution 
of our MRI images are superior to those of most other 
imaging modalities, still the main limitation of the present 
study is our being unable to verify MRI images of left 
renal vein variations with other imaging modalities. For 
the demonstration of LRV variations, renal venograms 
(25), contrast-enhanced CT (23,26,27), color Doppler US 
(24,28), magnetic resonance angiography (MRA) (29), 
and [18F]-2-fluoro-2-deoxy-D-glucose (FDG)-positron 
emission tomography (PET)/CT (30) have been used. 
Computed tomography is a preferable imaging modality 
in the evaluation of abdominal venous vascular structures 

since it is relatively less costly, fast, easily applicable, 
and reliable in terms of patient compliance (31,32). 
However, CT has long-term risks of ionizing radiation and 
patients are exposed to a significant amount of iodinated 
intravenous contrast medium, which has potential side 
effects (33). Using PACS, the frequency of IVC variations 
and LRV variations can reliably be studied retrospectively 
by reevaluating the contrast-enhanced spiral abdominal 
CT images of the patients who readily underwent CT 
examination due to various abdominal problems (34). 
However, because of the above-mentioned risks, optional 
and additional CT imaging is inappropriate for only the 
verification of MRI images in such frequency studies. This 
was the reason why we strictly avoided performing CT to 
verify our results. Since our patients were not primarily 
oncology patients but were those who underwent routine 
lumbar spinal MRI for discopathy, and because of the risks 
of ionizing radiation as mentioned above, we also could not 
use FDG-PET/CT for verification. Unlike CT, no ionizing 
radiation or iodinated contrast medium is used in MRI, and 
the image quality (anatomical resolution) was comparable 
to CT, although MRI is rather costly and requires longer 
imaging time compared to CT. Instead of CT, additional 
MRI images were obtained when necessary (only after 
detection of any congenital anomalies and anatomical 
variations). Color Doppler US is usually unreliable in 
obese patients because of its insufficiency in this patient 
group (35). This is the main reason why we did not rely on 
the records of the patients who underwent color Doppler 
US in the present study. According to medical records we 
noticed that not all of our patients underwent gray-scale 
US, so we could not use US to verify renal anomalies, 
which can be accepted as another limitation of our study. 
We also could not use MRA in order to verify our results 
because our study was basically a retrospective study 
without routine use of MRA and it was based largely on 
MRI sequences, which were already being applied during 
routine lumbar spinal MRI examinations. Additionally, 
we have to mention that the plane of the axial MR images 
(T2-weighted) that we obtained in routine lumbar spinal 
MRI examinations were limited only to intervertebral disc 
spaces (not continuous), as is the case in most centers. 
This situation is still accepted as a technical limitation of 

Table 2. Frequency and distribution of left renal vein variations based on gender.

Left renal vein variations Females (n = 1869),
n of patients (%)

Males (n = 1131),
n of patients (%)

Total (n = 3000),
n of patients (%)

Retroaortic left renal vein variations 42 (2.25%) 22 (1.9%) 64 (2.1%)

Circumaortic left renal vein variations 12 (0.6%) 3 (0.2%) 15 (0.5%)

Total 54 (2.9%) 25 (2.2%) 79 (2.6%)
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our study and might have caused some influence on the 
frequencies of the variations of the IVC and LRV. Though 
the sagittal images for the intervertebral discs besides 
further imaging for verification of a suspected renal 
anomaly helped increase the utility of lumbar MRI, we 
also accept noncontinuous axial imaging as a technical 
limitation for the detection of the whole spectrum of renal 
anomalies.

In conclusion, routine lumbar spinal MRI is useful 
in detecting renal anomalies, IVC variations, and LRV 
variations. MRI provides excellent anatomical detail and 
it is a relatively safe method, since no iodinated contrast 
material or ionizing radiation is used. Careful evaluation 

of routine lumbar spinal MRI will contribute to the 
overall clinical evaluation of patients and will reduce 
the likelihood of development of complications during 
surgery or radiological interventions.
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