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Abstract 
There are several reports of multiple ectopic renal arteries (RA) in the literature. However, the ectopic origin of a single RA with a normal 
kidney position is rare. Knowledge of this variant is extremely important in clinical, surgical and radiological practice. Using MDCT angio-
graphy examination, we describe a rare case of a right kidney located in a normal lumbal position with a single ectopic thoracic renal artery 
originating in the thorax, above the diaphragmatic dome, at the level of the upper one-third of the T12 vertebral body. With an “S”-shaped 
course and a total length of 103 mm, this artery had an intratoracic portion of 38 mm. It crossed the diaphragm at 23 mm lateral to the right 
side of the TA, through a hiatus located on the lateral side of the right crus of the diaphragm. The right inferior phrenic artery arose from the 
left lateral wall of the right RA, 5 mm below the level of CT (45 mm distal to the right RA origin). Remarkably, this variant was associated 
with an area of proximal arterial stenosis, which produced signs and symptoms of hypertension secondary to renal arterial stenosis. To the 
authors’ knowledge, this is the first reported case of a stenotic single ectopic thoracic renal artery associated with a normal kidney position. 

Keywords: ectopic renal artery, thoracic origin, embryology, clinical implications, multidetector computed tomographic (MDCT) 
angiography. 

 Introduction 

There are several reports of multiple ectopic renal 
arteries (RA) in the literature [1, 2]. The ectopic origin 
of a single RA with a normal kidney position, however, 
is a rare variant. The first case of a single ectopic RA 
(SERA) without renal malformation or misposition was 
reported by Doppman in 1967 [3]. He described a RA 
originating at the level of the T11 vertebra, just beneath 
the right crus of the diaphragm. A comprehensive literature 
search using SpringerLink, ScienceDirect, Wiley Online 
Library, Google Scholar, and PubMed bibliographic 
databases demonstrated only 11 reports (12 cases in total) 
of this rare anatomic variant. Moreover, an explicit 
description of a thoracic origin of the RA has only been 
described in three cases [4, 5]. 

We report, by MDCT angiography, an extremely rare 
case of a right SERA originating in the thorax, above the 
diaphragmatic dome, at the level of the upper one-third 
of the T12 vertebral body (Figure 1). To our knowledge, 
this is only the fourth report of a SERA originating in 
the thorax with a normal kidney position. This is the 

first case, however, of SERA diagnosed in vivo by MDCT 
angiography. In addition, this is the first reported case of 
SERA associated with renal artery stenosis at the level 
of the thorax. 

 Case report 

We report a 72-year-old male who was examined for 
hypertension secondary to suspected renal artery stenosis. 
Imaging was performed using MDCT angiography (64-
slice MDCT scanner, SOMATOM Sensation, Siemens 
Medical Solutions, Forchheim, Germany). All imaging 
data was reconstructed with a body soft tissue algorithm 
and transferred to an offline workstation (Syngo Multi 
Modality Workplace) for post-processing. The images 
were analyzed using a 3D task card, performing 3D 
Maximum Intensity Projection (MIP) reconstruction, and 
an in-space task card for 3D Volume Rendering Technique 
(VRT) reconstructions. The patient was found to have a 
right SERA originating in the thoracic region. In addition, 
the SERA was associated with a normal kidney position 
and an area of arterial stenosis, proximally. 
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The superior pole of the right kidney was located at 
the level of the lower 1/3 of T12 vertebral body, which 
corresponded to the level of origin of the celiac trunk 
(CT). The superior pole of the left kidney was located  
at the level of the upper 1/3 of the L1 vertebral body, 
corresponding with the level of origin of the superior 
mesenteric artery (SMA) (Figure 2). The aortic hiatus was 
situated between the middle and lower 1/3 of the T12 
vertebra, just above the CT origin. The SMA arose from 
the anterior wall of the abdominal aorta (AA), at the level 
of the upper 1/3 of the L1 vertebra. The right RA originated 
from the right side of the thoracic aorta (TA) at the level 
of the upper 1/3 of the T12 vertebra (35 mm above the 
origin of the SMA) and had an endoluminal diameter of 
6.6 mm at its origin. With an “S”-shaped course and a 
total length of 103 mm, this artery had an intratoracic 
portion of 38 mm. It crossed the diaphragm at 23 mm 
lateral to the right side of the TA, through a hiatus located 
on the lateral side of the right crus of the diaphragm. At 
the diaphragmatic level, the right RA had an endoluminal 
diameter of 5.8 mm. Most of the infradiaphragmatic course 
was located retrocavally (Figure 3). The left RA arose from 
the left lateral side of the AA at the level of the lower 1/3 

of the L1 vertebra (18 mm below the origin of the SMA) 
and had an endoluminal diameter of 3.4 mm at its origin. 
The artery descended a total length of 52 mm. The distance 
between the level of origin of the CT and SMA was 13 mm, 
while the distance between the aortic origins of the 
respective renal arteries was 53 mm. The right inferior 
phrenic artery, which had an endoluminal diameter of 
1.2 mm at its origin, arose from the left lateral wall of the 
right RA, 5 mm below the level of CT (45 mm distal to 
the right RA origin). The left inferior phrenic artery arose 
from the left lateral wall of the AA (24 mm above the 
level of CT) and had an endoluminal diameter of 1.65 mm 
at its origin (Figure 4). MDCT angiography did not reveal 
the presence or location of adrenal or testicular arteries. 

The area of arterial stenosis of the right proximal RA 
had a length of 12.4 mm and a minimum endoluminal 
diameter of 4.0 mm. This was followed distally by a 
post-stenotic expansion with a length of 18.5 mm and a 
maximum endoluminal diameter of 8.4 mm (Figure 5). 
The calculated degree of renal arterial stenosis was 40%. 
After imaging diagnosis was obtained, the patient was 
admitted to a specialized endovascular treatment center 
where the stenotic artery was stented. 

 

Figure 1 – Right supero-lateral volume rendering images demonstrates the supra- and infradiaphragmatic part of the 
right renal artery: (A) with the liver in situ; (B) after substraction of the liver. AA: Abdominal aorta; CT: Celic trunk; 
DIA: Diaphragm; LIV: Liver; LK: Left kidney; RK: Right kidney; RRA: Right renal artery [id: Infradiaphragmatic 
part; sd: Supradiaphragmatic part]; SMA: Superior mesenteric artery. 

 

Figure 2 – Coronal volume rendering images demonstrates the kidneys and the renal arteries: (A) with the relationship 
with the skeletal structures (vertebral bodies and costal arches); (B) after subtraction of the skeletal structure. AA: 
Abdominal aorta; LK: Left kidney; LRA: Left renal artery; RK: Right kidney; RRA: Right renal artery [id: Infra-
diaphragmatic part; sd: Supradiaphragmatic part]. 
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Figure 3 – Coronal volume rendering images demons-
trates the abdominal aorta with the origin of the inferior 
phrenic arteries (right and left). AA: Abdominal aorta; 
CT: Celiac trunk; LIPA: Left inferior phrenic artery; 
RIPA: Right inferior phrenic artery; LRA: Left renal 
artery; RRA: Right renal artery [id: Infradiaphragmatic 
part; sd: Supradiaphragmatic part]; SMA: Superior 
mesenteric artery. 

Figure 4 – Coronal volume rendering images demons-
trates the supra-, trans- and infradiaphragmatic part  
of the right renal artery. AA: Abdominal aorta; DIA: 
Diaphragm; RK: Right kidney; RRA: Right renal artery 
[id: Infradiaphragmatic part; sd: Supradiaphragmatic 
part]. 

 

Figure 5 – Volume rendering images demonstrates the supradiaphragmatic part of the right renal artery, with the renal 
artery stenosis and the renal post-stenotic expansion: (A) Coronal image; (B) Transversal image. AA: Abdominal aorta; 
DIA: Diaphragm; IVC: Inferior vena cava; LIV: Liver; RRA: Right renal artery [id: Infradiaphragmatic part; sd: 
Supradiaphragmatic part; Ras: Renal arterial stenosis; Rpse: Renal post-stenotic expansion]; SMA: Superior mesenteric 
artery. 

 

 Discussion 

Embryology 

An embryologic explanation regarding the thoracic 
origin of a single renal artery must include three points: 
(i) the development of three pairs of “kidneys” (the 
primitive first stage – pronephros; the transitory kidney – 
mesonephros; and the permanent kidney – metanephros), 
(ii) the development of the renal arteries, and (iii) the 
development of the diaphragm. The metanephros appears 
in the pelvis, at the level of S1–S2, in the 28th–32nd days 
of gestation [6]. Between the 6th and 9th week of gestation 
the kidneys rotate medially and ascend in the retro-
peritoneal space from the pelvic to the lumbar level. Upon 
this evolution, the mesonephros is supplied on either side 
by a maximum of 30 mesonephric arteries [7]. These 
arteries are temporary aortic branches [8–10] distributed 

from the 6th cervical to the 3rd lumbar segments. At the 
18 mm embryo, there is complete degeneration of meso-
nephros. At this stage, there are nine mesonephric arteries, 
distributed from the 10th thoracic to the 3rd lumbar 
segments [7]. Normally, all but one mesonephric artery 
degenerates, leaving the remaining artery at the level of 
the 2nd lumbar vertebral body. This artery becomes the 
main renal artery (metanephric artery), which persists into 
adult life [9, 10]. The rapid growth of the dorsal part of 
the embryo results in an apparent descent of the dia-
phragm. By the 6th week, the developing diaphragm is at 
the level of the thoracic somites. At the beginning of the 
8th week, its dorsal part lies at the level of the first lumbar 
vertebra. The diaphragm assumes its adult shape and 
position at 12–13 weeks of gestation [11]. 

Although the embryology of the SERA remains 
obscure, it is easy to imagine that an ectopic main renal 
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artery may develop when a more caudal [9] or cephalad 
[8] mesonephric artery persists at the metanephric stage, 
while all other arterial mesonephric branches involute. 
This process has only been reported unilaterally and most 
commonly on the right (Table 1). In the case of the 
presence of the more cephalad SERA (with origin in the 

TA), this process must be associated with the relative 
descent of the mesonephric arteries [7] and a possible 
slowing of the apparent descent of the diaphragm, thus 
retaining the position of the RA within the thoracic cavity 
(at the level of the inferior TA). 
 

Table 1 – Reported cases of the single ectopic renal artery (with the kidney a normal position) 

Author(s) Year 
Method of 
diagnosis 

No. of 
cases

Left/
Right

Level of 
origin 

Structure of origin 
Symptoms and associated 

lesions 

Doppman [3] 1967 Aortogram 1 Right T11 
Upper abdominal aorta, 
beneath the right crus 

of the diaphragm. 
 

Tegtmeyer & 
Stanton [12] 

1969 Aortogram 1 Right T11 
Aorta agenesis of 

the left kidney 

Agenesis of the left kidney. 
Discomfort of several weeks’ 

duration in the left lower quadrant 
of the abdomen. 

Normal right kidney and collecting 
system 

Cerny & Karsch [13] 1973 Aortogram 1 Right T11 
Aorta 

6 cm proximal to the 
celiac axis 

Hypertension. 
Routine intravenous pyelogram 

were described as normal. 
Tortuous course of the right renal 

artery with presence of an 
aneurysm. 

Angiography 1 Left 
Upper 1/2 

T12 

Aorta 
2 cm cephalad to the 
exit of the celiac trunk

Advanced hirsutism and secondary 
amenorrhea of eighteen months’ 

duration. Garti & Meiraz [8] 1980 

Angiography 1 Left 
T12-L1 

interspace 
Celiac trunk 

Lymphadenopathy, bilateral leg 
edema, and weight loss. 

Wilms et al. [14] 1987 Angiography 1 Right T12 
Aorta 

above the origin of 
the visceral arteries 

 

van Baalen &  
van Bockel [5] 

1994 Angiography 1 Right T11 
Lower thoracic  

aorta 
 

Cocheteux et al. [15] 2001 
Helical-CT 

angiography 
2/1389 Right T11 

Lower thoracic  
aorta 

 

Inoue et al. [16] 2003 
Surgical 

procedure 
1 Right Unspecified

Lower abdominal  
aorta 

 

Malcolm et al. [17] 2007 
CT 

angiography 
1 Left 

T11-T12 
interspace 

Upper abdominal  
aorta 

 

Sueyoshi et al. [4] 2009 
CT 

angiography 
1 Right

Upper 1/3 
T12 

Lower thoracic  
aorta 

 

Nachiappan et al. 
[18] 

2011 
MRI and CT 

scan 
1 Right

T12-L1 
interspace 

Celiac trunk  

Matusz et al. 
(present case) 

2014 
MDCT 

angiography 
1 Right

Upper 1/3 
T12 

Lower thoracic  
aorta 

Hypertension, thoraco-abdominal 
bruit on physical exam 

 

Origin level of SERA 

The kidneys are normally situated retroperitoneal, 
flanking the vertebral column. The superior and inferior 
poles usually lie at T12 and L3, respectively, although 
the right kidney is slightly inferior and medially, which 
reflects its relationship to the liver [19]. The right and 
left main RA originate between the upper margin of L1 
and the lower margin of L2 vertebrae in 98% and 97% 
of cases, respectively [20]. The origin of multiple ectopic 
RAs (additional and accessory) varies between the level 
of the common iliac artery [2] and the lower part of the 
TA [21]. Their presence is usually associated with an 
ectopic position of the kidney. The majority of the 
reports analyzing the origin of a SERA in relationship to 
the vertebral bodies [3, 5, 12, 13] highlight its origin 
from the aorta at the level of the T11 vertebra. 

The origin of the CT is considered to be the least 
variable, with the inferior mesenteric artery (IMA) 
demonstrating the greatest variability [22]. Using spiral 
CT angiography and arteriography in 100 patients, Beregi 
et al. [23] demonstrated that 50% of cases have the right 
and left renal ostia at the same level; in 37% of cases, 

the ostium of the right RA was located above that of the 
left RA. The mean distance between the origin of the right 
RA and SMA was 14.5 mm (range from 2 to 35 mm). 
The mean distance between the origin of the left RA and 
SMA was 18 mm (range from 4 to 50 mm). The relation-
ship between the SMA and the renal ostia is an important 
one when considering diagnostic renal arteriography and 
endovascular interventions, such as balloon angioplasty 
and endoluminal stenting [22, 23]. The majority of reports 
describing the aortic origin of the SERA in relationship 
to the anterior visceral branches of the AA [5, 14, 24] 
highlight its origin above the CT. Garti & Meiraz [8] 
described two cases of ectopic left RA: one originated 
above the CT and the other from the CT itself. Additionally, 
Nachiappan et al. [18] reported one case of ectopic right 
RA originating from the celiac trunk. 

The majority of previous reports [3–5, 12–16] describe 
the SERA located on the right side. When the SERA is 
reported to originate at the thoracic level, all reports have 
been exclusively of a right-sided SERA [5, 12, 15]. Indeed, 
in our case report the thoracic SERA was also located on 
the right. 
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Clinical implication 

Knowledge of variations of the renal vascular anatomy 
is important for diagnosis and treatment of renal trauma, 
conservative or radical renal surgery, renal transplant-
ation, surgery for abdominal aortic aneurysm, renal artery 
embolization, renovascular hypertension and angioplasty 
or a vascular reconstruction for congenital and acquired 
lesions [9]. Variations of the renal vasculature are rela-
tively common, with a reported incidence of 20–75% [25]. 
A single main ectopic renal artery is an extremely rare 
variant and has important clinical and surgical implications. 

Given the considerable variability in renal vascular 
anatomy, preoperative vascular mapping should be 
routinely used in order to avoid intraoperative compli-
cations [9, 17]. Garti & Meiraz, in 1980 [8], demons-
trated that whenever the main renal artery lies parallel 
with the aorta (with the kidney in normal position), high 
ectopic origin of the main renal artery should be suspected. 

Previous reports [13] suggest that aberrant renal 
vessels (especially the lower polar renal artery) can lead 
to obstruction of the ureteropelvic junction and the 
proximal ureter. However, Glodny et al. [1] demons-
trated, in 1072 patients (2132 kidneys) via MDCT scan, 
that accessory or additional renal arteries have no signi-
ficant affect on the width of the upper urinary tract. 

Renal artery stenosis accounts from approximately 
1–5% of all hypertensive patients and is usually secondary 
to atherosclerosis (80%) or fibromuscular dysplasia (20%) 
[26]. Atherosclerotic renal artery stenosis usually affects 
the proximal one-third or the aortorenal ostium of the 
main renal artery, and often the adjacent aorta [27]. 
Corriere et al. [28] demonstrated that 73% of athero-
sclerotic renal artery stenosis was categorized as ostial, 
while 18% involved the proximal renal artery, and 9% 
involved the truncal renal artery. Severe atherosclerotic 
renal artery stenosis can result in post-stenotic dilatation 
of the artery [29]. A study by Marshall [30] demons-
trated a significantly higher incidence of aberrant renal 
arteries in hypertensive than in normotensive patients, 
suggesting a causal relationship secondary to renal 
ischemia. Using current methods of diagnosis and treat-
ment, renal artery stenosis (including stenosis of a SERA, 
as in our patient) is a correctable cause of hypertension. 

Early report [31] reveal on six studies involving 1696 
cases, that the origin of the RIPA was: CT in 27.5% of 
cases, AA in 24.5% of cases, right renal artery (RRA) in 
9.5% of cases, left gastric artery (LGA) in 2% of cases, 
hepatic artery proper (HAP) in 0.5% of cases and testi-
cular/ovarian artery in 0.05% of cases. In unresectable 
hepatocellular carcinoma (HCC) transcatheter arterial 
chemoembolization is used for treatment. In these 
situations, even when the hepatic artery is patent, six 
groups of extrahepatic collateral arteries supplied the 
tumoral parenchyma [32]. Kim et al. [33] analyzing 
3179 cases of unresectable HCC, revealed that the RIPA 
is the first, and LIPA is the sixth most common vessel that 
supplies peripherally located hepatocellular carcinomas. 
In our case, RIPA rose from the left lateral wall of the 
right RA, 45 mm distal to the right RA origin (5 mm 
below the level of CT) making impossible the catheter 
approach via the abdominal aorta and right renal artery. 

 Conclusions 

Review of the literature has demonstrated that the 
single ectopic thoracic renal artery is an extremely rare 
phenomenon. This anatomical variant is usually present 
on the right side. Use of MDCT angiography offers 
excellent three-dimensional reformatted images, which are 
helpful in delineating details of the supradiaphragmatic 
origin of the ectopic thoracic renal artery. In addition, 
MDCT angiography also provides clear imaging of the 
thoraco-abdominal border, which is helpful in evaluating 
the stenotic segments. Identifying such a variant prior to 
any radiological or surgical interventions is crucial in 
order to prevent possible complications. 
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