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orseshoe kidney is a well-known congenital anom-
aly involving the upper urinary tract. It occurs in 1 
in 400–800 individuals and exhibits male predomi-

nance.1,2 Horseshoe kidney is characterized by a fusion of the 
lower poles of both kidneys by parenchymal tissue, which is 
also known as the isthmus. This condition is rarely associated 
with anomalous inferior vena cava (IVC).3–7 The incidence of 
IVC anomalies detected by multidetector-row computed to-
mography (MDCT) in patients with a horseshoe kidney is re-
portedly 5.7%, which is higher than that reported in the gen-
eral population without a horseshoe kidney.7 An anomalous 
superior vena cava (SVC) is also rarely associated with horse-
shoe kidney.8,9 The development of the renal parenchyma and 
its drainage into the IVC occur simultaneously during gesta-
tional weeks 4–10, and the IVC and SVC are formed from 
cardinal veins around the same gestational period.6,10 To our 
knowledge, an original article regarding anomalous SVC as-
sociated with horseshoe kidney has not been reported to date. 
In the present study, using MDCT, we evaluated the incidence 

and variations of SVC anomalies in 2 groups of patients: those 
with a horseshoe kidney and those without a horseshoe kidney. 
We then compared the results of both groups.

Methods
Informed consent was not required because this was a ret-
rospective study approved by the institutional review board 
at Tokai University Hospital. The study involved 2 groups: 
group A comprised 71 patients with a horseshoe kidney (45 
males, 26 females; mean age, 60.1±10.2 years) and group B 
comprised 2,292 patients without a horseshoe kidney (1,385 
males, 907 females; mean age, 61.1±13.5 years). All patients 
in group A were diagnosed as having horseshoe kidney be-
tween January 2006 and November 2011. During this period, 
all these patients had undergone CT examination of the region 
between the chest and abdomen: 37 for the evaluation of uro-
logical symptoms and 34 for the evaluation of non-urological 
symptoms. Horseshoe kidney was discovered incidentally dur-
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Background:  The incidence of inferior vena cava anomalies in patients with horseshoe kidney is higher than that 
reported in the general population. As far as we know, no studies have reported the incidence and variations of 
superior vena cava (SVC) anomalies using multidetector-row computed tomography (MDCT) in patients with horse-
shoe kidney.

Methods and Results:  Using MDCT, 71 patients with a horseshoe kidney (group A: 45 males, 26 females; mean 
age, 60.1±10.2 years) and 2,292 patients without a horseshoe kidney (group B: 1,385 males, 907 females; mean 
age, 61.1±13.5 years) were retrospectively evaluated for the incidence and variations of SVC anomalies, and the 
incidence of an anomalous SVC was compared between groups. An anomalous SVC was identified in 3 group A 
patients (4.2%) (double SVC, n=2; persistent left SVC without a right SVC, n=1) and 5 group B patients (0.22%) 
(double SVC, n=3; persistent left SVC without a right SVC, n=2). MDCT revealed a significantly higher incidence of 
anomalous SVC in patients with a horseshoe kidney than in those without a horseshoe kidney (P<0.001).

Conclusions:  Patients with horseshoe kidney frequently have an anomalous SVC. Although the incidence of horse-
shoe kidney is related in some way to that of an anomalous SVC, the reasons for their coexistence remain unclear.     
(Circ J  2012; 76: 1253 – 1258)
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Figure 1.    A 68-year-old female with a double superior vena cava (SVC) associated with a horseshoe kidney. (A,B) Chest com-
puted tomography (CT) images with contrast enhancement reveal a right SVC (white arrows) and a left SVC (black arrow) with no 
bridging brachiocephalic vein. (C,D) Abdominal CT images with contrast enhancement reveal atrophy of the left side of the kidney 
with multiple cysts, hydronephrosis and a thin line of fusion between the lower poles (arrowhead).

Figure 2.    A 46-year-old male with a double superior vena cava (SVC) associated with a horseshoe kidney and spina bifida. (A,B) 
Abdominal computed tomography (CT) images with contrast enhancement show horseshoe kidney and a trabeculated bladder. 
(C,D) Chest CT images show a double SVC (arrows) with no bridging brachiocephalic vein.
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ing these examinations. In group B, 2,292 patients had under-
gone routine CT examination of the region between the chest 
and abdomen between January and February 2011.

We used 2 64-slice MDCT scanners with 0.5- and 0.6-mm 
slice thickness (Aquilion; Toshiba, Tokyo, Japan and Somatom 
Cardiac Sensation 64; Siemens, Forchheim, Germany) for the 
MDCT studies. Other parameters included 120 kVp, 125 mA, 
and 0.5-s rotation time. Contrast material was used in 36 group 
A patients and 1,507 group B patients, who were intravenously 
administered 100–150 ml (Omnipaque 300; Daiichi-Sankyo, 
Tokyo, Japan) at the rate of 2–3 ml/s, with a 120-s scanning 
delay in some patients. Two radiologists with more than 12 
years’ experience in CT image interpretation reviewed the 
axial CT images with a 5-mm reconstruction interval on a 
picture archiving and communication system workstation. 
Consensus was achieved through discussion. Two reviewers 

recorded the presence and variations of SVC anomalies, which 
were classified as: type I, normal precardial venous arrange-
ment; type II, single persistent left SVC with an absent right 
SVC and a bridging brachiocephalic vein; and type III, double 
SVC, either connected by an anastomosis (type IIIa) or uncon-
nected (type IIIb).11 We compared the incidence of anomalous 
SVC between groups using the chi-square test. In both groups, 
we assessed the association of an anomalous SVC with con-
genital heart disease and/or other clinical characteristics of the 
groups were compared by unpaired t-test. Statistical signifi-
cance was set at P<0.05.

Results
An anomalous SVC was identified in 3 group A patients 
(4.2%) and 5 group B patients (0.22%); the anomalies included 

Figure 3.    A 67-year-old male with a persistent left superior vena cava (SVC) and an absent right SVC associated with a horseshoe 
kidney. (A–C) Chest computed tomography (CT) images without contrast enhancement reveal a persistent left SVC (white arrow) 
and 2 bridging brachiocephalic veins (black arrow, *). (D) Abdominal CT shows fusion of the lower poles of the kidneys.

Table.  Variations in ASVC and Other Associated Diseases in Patients With and Without a Horseshoe Kidney

Case  
no. Group Age  

(years) Sex CE-CT Type of  
ASVC Urinary disease

1 A 67 M + II –

2 A 68 F – IIIb Hydronephrosis and atrophy of left side of kidney, renal cysts

3 A 46 M – IIIb Membranous nephropathy, neurogenic bladder

4 B 84 M – II –

5 B 67 M – IIIa Renal cyst

6 B 58 F + IIIb –

7 B 71 M – IIIb –

8 B 65 M + II Renal cyst

ASVC, anomalous superior vena cava; CE-CT, contrast-enhanced computed tomography.
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a double SVC (type IIIb, n=2) and a persistent left SVC (type 
II, n=1) (Figures 1–3) in group A and a double SVC (type IIIa, 
n=1; type IIIb, n=2) and a persistent left SVC (type II, n=2) in 
group B. MDCT indicated that the incidence of an anomalous 
SVC was significantly higher in patients with a horseshoe 
kidney than in those without a horseshoe kidney (P<0.001).

The various SVC anomalies, as well as other associated 
diseases, in each patient in both groups are listed in Table. One 
patient (case 3) with spina bifida and membranous nephropa-
thy had required self-catheterization since childhood and had 
a neurogenic bladder (Figure 2). Two other patients with an 
anomalous SVC were incidentally found to have a horseshoe 
kidney during routine CT examination. However, 1 patient 
(case 2) had atrophy of the left side of the kidney with multi-
ple cysts. An anomalous SVC was not associated with con-
genital heart disease in either group. No significant differences 
in the demographic data of the 2 groups were identified by 
unpaired t-test.

Discussion
Horseshoe kidney is the most common anomaly of the upper 
urinary tract,1,2 characterized by fusion of the lower poles of 
both kidneys. This happens if the 2 metanephric blastemas 

come into contact, mainly at the lower pole, during migration 
from the sacral region. The bridge of parenchymal tissue con-
necting the lower poles is called the isthmus.12 Typically, 
anterior displacement of the renal pelvis and ureter is observed 
in such cases. In addition, the ureters descend anterior to the 
isthmus and have a tendency to develop kinks, which often 
results in hydronephrosis.12

A wide variety of associated genitourinary and non-genito-
urinary anomalies coexist with this condition.13,14 Association 
of horseshoe kidney with IVC anomalies, including double 
IVC, left IVC, and preisthmic IVC, is less frequently ob-
served.3–7 Retrocaval ureter is associated with preisthmic IVC, 
an anomaly that is the direct cause of hydronephrosis and ure-
teropelvic junction obstruction.3 Because embryogenesis of the 
renal parenchyma and its venous drainage in the IVC occur 
simultaneously during gestational weeks 4–10, it is plausible 
that horseshoe kidneys and anomalous IVCs are consequences 
of a shared disturbed signal that occurs during the development 
of these retroperitoneal structures.6

Glodry et al reported a case of a persistent left SVC with a 
fusion anomaly of the kidney, but it is unclear if the anomaly 
was horseshoe kidney or crossed fused ectopia.13 Two other 
cases of an anomalous SVC with horseshoe kidney have been 
reported.8,9 One was a case of a persistent left SVC with horse-

Figure 4.    Schematic of the development of the vena cava. (A) Conceptual framework for the development of the vena cava. 
Composite scheme shows the relative position and interrelationships of the 4 paired embryonic vessels (posterior cardinal, sub-
cardinal, supracardinal, and anterior cardinal veins) that contribute to the development of the vena cava. The renal segment is 
formed from suprasubcardinal and postsubcardinal anastomoses. (B) Schematic representation of the normal development of the 
superior vena cava. The left brachiocephalic vein results from inter-anterior cardinal anastomosis.
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shoe kidney,8 and the other was a case of Prune belly syn-
drome in a stillborn fetus with a ring X chromosome lacking 
the X inactive-specific transcript.9 The fetus had a persistent 
left SVC, horseshoe kidney, a single umbilical artery, limb 
deficiencies, cardiac hypertrophy, and axial skeletal abnor-
malities.8 Both cases were autopsy reports.8,9 Konishi and 
Kikuchi reported that coexistence of a persistent left SVC and 
horseshoe kidney in the same body is extremely rare.8

Horseshoe kidney is associated with IVC anomalies because 
their development occurs around the same gestational period.6 
The SVC and IVC differentiate around gestational weeks 4–
10. The SVC derives from the anterior and common cardinal 
veins, whereas the IVC derives from the supra- and subcardi-
nal veins (Figure 4). The coexistence of an anomalous SVC 
and an IVC in patients with normal kidneys has not been 
reported.

Horseshoe kidney and an anomalous SVC are both associated 
with a high incidence of cardiovascular malformations.10,15–19 
Therefore, it is reasonable to surmise that the incidence of 
horseshoe kidney is related in some way to that of an anoma-
lous SVC. It is conceivable that SVC anomalies and horseshoe 
kidney may share the same etiology.

The most common congenital SVC anomaly is a broad and 
persistent left SVC (persistent left SVC, including double 
SVC). The incidence of this anomaly in the general population 
is 0.1–0.5%.10,11,18–25 In our study, the incidence of an anoma-
lous SVC in patients without a horseshoe kidney was 0.22%, 
a result similar to that of previous studies.10,11,18–25 A persistent 
left SVC represents a failure of obliteration of the left anterior 
cardinal vein in the early stages of embryological development 
(Figure 4).10 A broad and persistent left SVC is more common 
in patients with congenital heart disease (4–11%).10,18,19 How-
ever, no congenital heart disease was present in any of the 
patients with an anomalous SVC in our study.

A persistent left SVC with an absent right SVC in normal 
situs is exceedingly rare, accounting for only 0.07–0.13% of 
congenital cardiovascular malformations.25 A persistent left 
SVC and an absent right SVC were identified in 3 patients in 
our study, 1 of whom also had a horseshoe kidney. Incidence 
of a persistent left SVC with an absent right SVC associated 
with horseshoe kidney was therefore 1.5%. The incidence of 
this factor and the overall incidence of an anomalous SVC were 
higher in group A than in group B in our study. A persistent left 
SVC is often asymptomatic and hemodynamically insignifi-
cant. In most cases, it drains into the right atrium via the coro-
nary sinus.10 A bridging brachiocephalic vein is observed in 
approximately 30% of double SVC cases.22 Central venous 
catheter (CVC) misplacement in cases of persistent left SVC 
increases the occurrence of mechanical and thrombotic compli-
cations.11,22,23 CVC placement or access through the persistent 
left SVC may pose several serious problems, such as hypoten-
sion, angina, arrhythmias, and cardiac arrest.11,20,23 In cases of 
persistent left SVC with an absent right SVC, pacemaker 
implantation is extremely difficult, even impossible.

More than half of the patients with horseshoe kidney have 
other urogenital, gastrointestinal, cardiopulmonary, skeletal, or 
chromosomal anomalies.13,14 Sepsis secondary to pyelonephri-
tis is the most severe complication in patients with a horseshoe 
kidney. Horseshoe kidney is associated with a higher probabil-
ity of traumatic processes because of its location, anatomical 
factors, and the variability of vascularization.26,27 There is an 
increased risk of rupture by compression of the isthmus against 
the spinal column or by fracture of the isthmus.26 Therefore, 
careful surgical management and CVC placement are more 
critical in patients with a horseshoe kidney than in those with-

out a horseshoe kidney. An anomalous SVC is a risk factor not 
only for central CVC insertion but also for pacemaker implan-
tation.11,20–23,28,29 Detection and knowledge of SVC anomalies 
in patients with a horseshoe kidney are crucial to reduce seri-
ous complications during CVC procedures, intracardiac elec-
trode placement, and cardiopulmonary bypass.

Study Limitations
First, almost all patients were adults, and the sample of pa-
tients with a horseshoe kidney was small. Second, the pres-
ence of an anomalous SVC was evaluated by MDCT; surgical 
confirmation of venous anomalies was not performed. A large 
study involving autopsies on cadavers of all age groups is 
necessary to determine the true incidence of an anomalous 
SVC in patients with a horseshoe kidney.

Conclusions
We evaluated the incidence of an anomalous SVC in patients 
with a horseshoe kidney using MDCT. The incidence of an 
anomalous SVC was higher in patients with a horseshoe kid-
ney than in those without a horseshoe kidney. The incidence 
of horseshoe kidney is related in some way to that of an 
anomalous SVC, but the reasons for their coexistence remain 
unclear.
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