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Abstract
Renal fusion anomalies are common congenital anomalies of the urogenital tract and have their genesis in the early embryonic 
period. They are classified into partial fusion anomalies (e.g., crossed fused ectopia, and horseshoe kidney) and complete 
fusion anomalies (e.g., fused pelvic kidney). Horseshoe kidney is the most common renal fusion anomaly and is character-
ized by the presence of two distinct functioning kidneys on either side of the vertebral column, with fusion occurring at 
the inferior poles in majority of the cases. Crossed fused ectopia is characterized by the presence of an ectopic kidney that 
crosses the midline and fuses with the orthotopic contralateral kidney, whereas fused pelvic (pancake) kidney is a complete 
fusion anomaly characterized by extensive medial fusion of both kidneys in the pelvis. Fusion anomalies are often associ-
ated with abnormalities of renal rotation, migration, and vascular supply, which predispose the kidneys to a number of 
complications and create difficulty during retroperitoneal surgeries and interventions. They are also associated with other 
congenital abnormalities of the urogenital tract, gastrointestinal tract, cardiovascular system, and skeletal system. Hence, a 
thorough understanding of the etiopathogenesis and radiological features of fusion anomalies is important for directing patient 
management. This review summarizes the embryological basis, clinical presentation and imaging approach to renal fusion 
anomalies, followed by detailed anatomical and radiological description of the morphological types, and the complications 
associated with these anomalies.
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Introduction

Renal fusion anomalies are among the common congenital 
anomalies of the urogenital tract. They are classified into 
partial fusion anomalies (e.g., crossed fused ectopia, and 
horseshoe kidney) and complete fusion anomalies (e.g., 
fused pelvic kidney). Fusion anomalies are often associ-
ated with abnormalities of renal rotation, migration, and 
vascular supply, which predispose the kidneys to a number 
of complications and create difficulty during retroperito-
neal surgeries and interventions. They are also associated 
with other congenital abnormalities of the urogenital tract, 
gastrointestinal tract, cardiovascular system, and skeletal 
system. This review summarizes the embryological basis, 
clinical presentation and imaging approach to renal fusion 
anomalies, followed by detailed anatomical and radiological 

description of the morphological types, and the complica-
tions associated with these anomalies.

Embryological basis

Genesis of fusion anomalies occur in the early embryonic 
period [1]. Renal development begins in the 4th week of 
gestation with the formation of nephrogenic cords in the 
intermediate mesoderm. The kidneys develop from three 
systems that succeed each other; namely, the pronephros, 
mesonephros, and metanephros. The metanephros, which 
is the final system to develop during the 5th week, induces 
the development of the ureteric bud as an outgrowth from 
the mesonephric duct. During the early stages of develop-
ment, the kidneys lie close to each other in the presacral 
region and receive blood supply from the neighboring pelvic 
branches of the dorsal aorta. As gestation advances, growth 
of the lumbosacral region causes the kidneys to relatively 
ascend to their final position in the lumbar region, between 
the 6th and 9th weeks. The kidneys then are supplied by new 
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vascular branches from the neighboring dorsal aorta, and 
the lower pelvic branches regress or form accessory renal 
arteries [2, 3]. The origin of renal fusion anomalies has not 
been completely understood; however, several theories have 
been suggested.

(a) Arterial fork theory This is the most widely accepted 
theory, according to which both kidneys ascend close to 
each other between the arterial fork formed by the umbilical 
arteries [1, 4, 5]. Any change in the course of the umbilical 
arteries leads to apposition of the developing kidneys and 
results in fusion.

(b) Abnormal caudal flexion and rotation theory Renal 
fusion anomalies can be symmetrical (horseshoe kidney with 
midline fusion), or asymmetrical (horseshoe kidney with lat-
eral fusion and crossed fused ectopia). Symmetrical fusion 
anomalies result from factors which affect both kidneys 
simultaneously and equally, as seen with abnormal ventral 
flexion of the caudal fetus, which delays the ascent of kid-
neys and results in fusion. Asymmetrical fusion anomalies 
result from factors that differentially affect the two kidneys, 
such as abnormal lateral flexion or rotation of the caudal 
fetus. Association of fusion anomalies with abnormalities 
of the caudal spine supports this hypothesis [4].

(c) Theory of abnormal ureteral development This theory 
suggests that renal fusion anomalies result from an abnor-
mal converging course of the ureteric buds that forces the 
metanephric blastema to fuse [5].

(d) Theory of abnormal metanephric migration Accord-
ing to this theory, a teratogenic event in the early renal devel-
opment causes abnormal migration of the metanephric cells 
across the primitive streak, resulting in fusion. Association 
of fusion anomalies with renal tumors supports this theory 
[4, 6].

(e) Genetic theory No single genetic cause has been 
unequivocally linked with the development of renal fusion 
anomalies. Observations such as male preponderance, famil-
ial clustering and association with chromosomal abnormali-
ties (Turner and Edward syndromes) suggest a genetic asso-
ciation [4].

Clinical features

The presentation of renal fusion anomalies peaks at three 
age groups: (a) young children, in whom the anomalies are 
discovered in combination with other, more significant con-
genital malformations; (b) puberty, due to associated genital 
tract abnormalities which result in delayed menarche; and (c) 
in adults, as an incidental imaging finding [7].

Majority of the patients with renal fusion anomalies are 
asymptomatic for the anomaly and are incidentally detected 
on imaging or autopsy. These patients do not require any spe-
cific treatment. Symptoms, when they occur, are often related 

to other congenital or acquired conditions associated with 
renal fusion anomalies, such as urinary tract obstruction from 
pelviureteric junction obstruction, calculus formation, vesi-
coureteric reflux, recurrent urinary tract infection, renovascular 
hypertension, susceptibility to trauma, and an increased risk 
of malignancies [8, 9].

Imaging approach

Prenatal USG demonstrates the fetal kidneys from as early as 
9–12 weeks of gestation and corticomedullary differentiation 
from 15 weeks. Thus, antenatal USG can be used to detect 
major congenital renal anomalies. The USG should include 
evaluation of the presence, location, size, echogenicity and 
fusion of the kidneys, along with examination of the urinary 
bladder, external genitalia, and amniotic fluid [10]. Detection 
of renal abnormalities warrants postnatal physical examination 
and ultrasonography at birth and 4–6 weeks postpartum [8].

Transabdominal USG is often the first imaging per-
formed in both children and adults. It helps in evaluating 
the location, size, and orientation of the kidneys and assess 
the presence of fusion. However, it is limited by operator 
dependence, reduced sensitivity in obese patients, and poor 
detection of horseshoe kidneys with fibrous isthmus [8, 11].

Intravenous urography (IVU) can demonstrate abnormal 
location and orientation of the kidneys and pelvicalyceal sys-
tem, along with the course of the ureters and rough assess-
ment of the excretory renal function. However, it cannot be 
used to differentiate between parenchymal and fibrous isth-
mus in horseshoe kidneys, or demonstrate complex vascular 
anatomy [11–13].

Cross-sectional imaging (CT/MR urography) helps in 
evaluating complex renal anatomy, relationship with adja-
cent structures, vascular anatomy, and complications. CT 
is better in the evaluation of certain complications such as 
calculus disease and trauma. Hence, CT urography is con-
sidered the investigation of choice for the evaluation of renal 
fusion anomalies [8, 11, 12]. MRI may be more valuable in 
the pediatric population due to the lack of ionizing radiation.

Nuclear medicine studies, often done for other indica-
tions, may incidentally detect the presence of fusion anoma-
lies by the identification of abnormal location, orientation, 
and fusion of the kidneys [11]. They may also be used to 
assess for complications in fusion anomalies, such as urinary 
tract obstruction and vesicoureteric reflux (VUR).

Morphological types

Horseshoe kidney

Horseshoe kidney is the most common renal fusion anomaly, 
accounting for 90% of all cases. It has an incidence of 1 in 
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400–600 live births and a male-to-female ratio of 2:1 [11, 
14].

Morphology Horseshoe kidney is a type of partial fusion 
anomaly, characterized by two distinct functioning kid-
neys on either side of the vertebral column. Generally, the 
inferior poles of the kidneys are directed medially and fuse 
across the midline, forming an isthmus of functioning renal 
parenchyma (80%) or fibrotic tissue. The isthmus is usually 
located anterior to the aorta and inferior vena cava (IVC) and 
prevents the normal ascension of kidneys above the origin of 
the inferior mesenteric artery (L3 vertebral level). Thus, the 
isthmus may be located anywhere along the path of normal 
ascent, occurring at the L4 vertebral level (40%), L3 verte-
bral level (40%), or the pelvis (20%). Fusion also prevents 
normal rotation of kidneys and hence, the renal pelvis is ori-
ented anteriorly rather than anteromedially. The ureters often 
show an abnormally high union with the renal pelvis, course 
laterally as they cross the anterior surface of the isthmus, and 
assume a normal medial course further inferiorly [11, 14].

Classification Horseshoe kidney is classified as sym-
metrical and asymmetrical. Symmetrical horseshoe kidney 
is characterized by midline fusion, either at the inferior pole 
(U-shaped; most common; 90%), superior pole (inverted 
U-shaped), or both poles (disc kidney). Rarely, the superior 
pole of one kidney may fuse with the inferior pole of the 
other (S-shaped or sigmoid kidney). Asymmetrical horse-
shoe kidney is characterized by lateral fusion of the kidneys 
and is usually left-dominant [1]. These variants of fusion are 
demonstrated in Fig. 1.

The arterial supply of horseshoe kidney is variable and 
several classification systems have been proposed [1]. 
One of the simpler surgical classification systems divides 
horseshoe kidneys into type I, where the two renal arteries 
arise from the normal position; type II, where, one or more 
ectopic arteries are seen arising from distal aorta or iliac 

arteries in addition to the orthotopic renal arteries; and type 
III, where all the renal arteries are ectopic in origin (Fig. 2). 
Variations in venous drainage are also described in horse-
shoe kidney [1].

Imaging Plain radiographs show medially placed lower 
poles of the kidneys, which converge towards the spine. This 
appearance is contrary to the normal, where the upper poles 
are located medially and the renal axis parallels the outer 
margin of the psoas. IVU demonstrates medially rotated 
lower pole calyces facing the spine, referred to as the ‘hand 
holding calyces’ (Fig. 3a). The ureters curve laterally as they 
cross the isthmus, before assuming a normal medial course. 
This appearance is known as the ‘flower vase appearance’ 
(Fig. 3b). On USG, horseshoe kidneys should be suspected 
in the presence of inferiorly located, malrotated kidneys that 
appear unexpectedly small in the oblique sagittal images due 
to poor visualization of the lower pole. In such cases, obser-
vation of a preaortic soft tissue (isthmus) helps in establish-
ing the diagnosis [15] (Fig. 3c, d). CT and MRI are excellent 
modalities capable of demonstrating the complex parenchy-
mal, vascular and urinary tract anatomy of fusion anomalies. 
A parenchymal isthmus can be differentiated from a fibrotic 
isthmus by the presence of a soft tissue showing comparable 
enhancement to the renal parenchyma [8, 12] (Fig. 4, 5).

Crossed fused ectopia

Crossed fused ectopia is the second most common renal 
fusion anomaly, with an incidence of 1 in 1300–7500 live 
births and a male predominance [1, 14].

Morphology Crossed fused ectopia is a type of partial 
fusion anomaly characterized by the presence of an ectopic 
kidney that crosses the midline and fuses with the orthotopic 
contralateral kidney. The ureter of the ectopic kidney crosses 
the midline, with the ureteric orifice located orthotopically. 
Most commonly, the left kidney is ectopic [1, 14].

Fig. 1   Morphological types of horseshoe kidney

Fig. 2   Variant arterial anatomy in horseshoe kidneys (Type 1: renal 
arteries arising from the normal position, type 2: one or more ectopic 
renal arteries arising from the distal aorta or iliac arteries in addition 
to the normal orthotopic renal arteries, type 3: all renal arteries aris-
ing ectopically)
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Classification McDonald and McClellan classified 
crossed fused ectopia into 6 types: (a) inferior ectopia, 
the most common type, which shows unilateral fusion 
with inferior location of the ectopic kidney relative to the 
orthotopic kidney; (b) sigmoid or S-shaped kidney, the 
second most common type, where the ectopic kidney is 
located inferior to orthotopic kidney and is axially rotated 

relative to the latter; (c) lump kidney, where there is exten-
sive renal fusion forming an irregular renal mass/lump; (d) 
L-shaped kidney, where ectopic is transversely oriented 
and the upper pole of the ectopic kidney fuses with the 
lower pole of the orthotopic kidney; (e) doughnut or disc 
kidney, where there is fusion along the medial concave 
surface of both the kidneys; and (f) superior ectopia (least 

Fig. 3   IVU and sonographic appearance of horseshoe kidney in 
a 25-year-old man with right flank pain. a 5-min delayed IVU spot 
image (supine) shows medially directed lower poles of both kidneys 
with closely placed lower pole calyces, giving the ‘hand holding caly-
ces’ appearance. b 15-min delayed spot image (prone) shows lateral 

course of the ureters over the isthmus and normal medial course fur-
ther inferiorly, giving the ‘flower vase appearance’. c On the oblique 
sagittal USG image, the right kidney appears unexpectedly small with 
poor visualization of the lower pole. d Axial USG image confirms the 
presence of a midline preaortic isthmus (asterisk) anterior to the aorta
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common type), where there is unilateral fusion with the 
ectopic kidney located superior to the orthotopic kidney 
[16]. These different types are demonstrated in Fig. 6.

Imaging IVU demonstrates the ectopic location and 
fusion of the affected kidney in the contralateral side, with 
the ureter crossing the midline to insert into the bladder 
orthotopically (Fig. 7). Crossed fused ectopia is identi-
fied on USG by the absence of kidney on one side and its 
ectopic location in the contralateral lumbar/iliac region. 
Fusion is identified by the presence of anterior and poste-
rior notches in the resultant elongated renal mass, and by 
the presence of two separate renal sinuses. Identification of 
ureteral jet on USG may suggest the diagnosis of crossed 
fused ectopia when the ipsilateral kidney is not visualized 
[17]. CT and MR urography help to confirm the diagnosis 
and demonstrate detailed anatomy of the anomaly [8, 18] 
(Fig. 8).

Fused pelvic kidney

Fused pelvic kidney (also known as pancake or cake kid-
ney) is one of the rarest fusion anomalies with an esti-
mated incidence of 1 in 65,000–375,000 and a male pre-
dominance [14, 19].

Morphology Pancake kidney is a complete renal fusion 
anomaly characterized by the presence of a pelvic renal 
mass formed by extensive medial fusion of both kidneys. 
Pancake kidney is drained by two short ureters, which do 
not cross the midline (unlike crossed ectopia) and have 
orthotopic insertion in the urinary bladder. Rarely, a 
pancake kidney may be drained by a single ureter. The 
pancake kidney often retains primitive renal vasculature 
and may have a single renal artery (arising from the distal 
aorta or iliac arteries) and vein (draining into the IVC or 

Fig. 4   U-shaped horseshoe kidney with a parenchymal isthmus, inci-
dentally detected in a 32-year-old man evaluated for loculated pleural 
effusion. a Oblique coronal CECT image shows midline fusion of the 
kidneys at the lower poles through an enhancing parenchymal isth-
mus (asterisk). b Oblique sagittal image shows the location of the 
isthmus anterior to aorta, inferior to origin of the inferior mesenteric 
artery (arrow). c Cinematic rendered and d coronal CECT images 

show orthotopic renal arterial supply from the aorta (solid arrows) as 
well as ectopic supply (isthmic artery) from the right common iliac 
artery (dashed arrows). e, f Curved reformatted coronal CECT images 
show orthotopic renal venous drainage into the inferior vena cava 
(solid arrows) and ectopic venous drainage into the right common 
iliac vein (dashed arrow)
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iliac veins) which increases the risk of compromise from 
pelvic trauma, pregnancy, and neoplasms [1].

Imaging Pancake kidney is characterized by the absence 
of kidneys in the renal fossa, their ectopic paramedian 

location in the pelvis, and presence of extensive medial 
fusion. Each kidney often has two separate collecting sys-
tems draining into the respective anteriorly placed renal pel-
vises, and short ipsilateral ureters that do not cross midline 
before inserting into bladder orthotopically [20, 21] (Fig. 9).

Complications

Renal fusion anomalies are often asymptomatic and picked-
up incidentally. However, by virtue of their anatomy, they 
are predisposed to number of complications such as pelviu-
reteric junction obstruction (PUJO), multicystic dysplastic 
kidney (MCDK), VUR, renal stones, recurrent renal infec-
tions, trauma, and neoplasms [11, 14, 22].

Associated anomalies

Pelviureteric junction obstruction (PUJO)

PUJO is the most common associated finding in renal fusion 
anomalies. The specific causes of obstruction include (a) 
congenital narrowing at the PUJ, (b) abnormally high inser-
tion of the ureter into renal pelvis, causing delayed emptying 
and stasis, (c) narrowing due to the proximal ureter cours-
ing over the isthmus, and (d) pelviureteric compression by 
aberrant renal vessels. On imaging, the pelvis is dispropor-
tionately dilated and ballooned-out with abrupt transition 
at the PUJ and a collapsed ureter (Fig. 10). The presence 
of abnormal course of the ureter and aberrant renal arteries 
also can be assessed on cross-section imaging [11, 14, 22].

Fig. 5   U-shaped horseshoe kidney with a fibrous isthmus inciden-
tally detected in a 47-year-old man evaluated for suspected inflamma-
tory bowel disease. a Oblique coronal CECT image shows medially 

placed lower poles of the kidneys, converging towards the spine. b 
Axial CECT image shows a non-enhancing, fibrous isthmus at the 
site of fusion (arrow)

Fig. 6   Morphological types of horseshoe kidney



4260	 Abdominal Radiology (2021) 46:4254–4265

1 3

Multicystic dysplastic kidney (MCDK)

MCDK is often the result of intrauterine urinary tract 
obstruction, commonly PUJ obstruction. It is often unilat-
eral, left sided, and asymptomatic; however, may be associ-
ated with other urinary tract abnormalities in the contralat-
eral kidney such as PUJO and VUR. When bilateral, MCDK 
is incompatible with life. On imaging, the affected kidney is 
small in size and replaced by multiple non-communicating 
cysts without any appreciable parenchyma [11, 22].

Vesicoureteric reflux (VUR)

VUR is frequently associated with renal fusion anomalies, 
with an incidence of 50% in horseshoe kidney [11, 14]. Bhat-
nagar et al. observed that 4 out of 6 patients with crossed 
fused renal ectopia had VUR [23]. The gold standard for the 
evaluation of VUR is micturating cystourethrogram (MCU). 
Nuclear medicine studies such as direct and indirect radio-
nuclide cystography can also be used to evaluate VUR. IVU, 
CT urography, and conventional MRI lack the functional 
information to demonstrate VUR, however, may show sec-
ondary changes such as hydroureteronephrosis and cortical 
scarring [11, 22].

Other anomalies

Renal fusion anomalies can be associated with partial or 
complete duplication of the ureters (Fig. 11), abnormal ure-
teric course (e.g. retrocaval ureter) (Fig. 12), and ectopic ure-
teric insertion. Other associated anomalies include persistent 

urogenital sinus, cloacal malformation, VACTERL (ver-
tebral anomaly, anorectal malformation, cardiac defect, 
trachea-esophageal fistula, renal abnormality, and limb 
anomaly), Edward and Turner syndrome. Imaging helps in 
the detailed evaluation of malformations and plays a pivotal 
role in planning surgery [14].

Renal stone disease

Renal stones are a common complication of fusion anoma-
lies, with a prevalence of 16–60% in horseshoe kidney [11] 
(Fig. 13). They are often a consequence of urinary stasis 
or recurrent infection secondary to PUJO, VUR, or abnor-
mal orientation of the pelvicalyceal system. Renal stones 
are often multiple, with a predisposition to the formation 
of staghorn calculi and xanthogranulomatous pyelonephritis 
[11, 22].

Renal infections

Renal infections commonly occur in renal fusion anoma-
lies and are seen in approximately one-third of the patients 
with horseshoe kidneys. Predisposing factors include sta-
sis, obstruction, reflux, and stone disease that are frequently 
associated with renal fusion anomalies. The most common 
route is ascending infection, usually in association with 
VUR.

IVU demonstrates pyelonephritis as an enlarged kidney 
with striated nephrogram, which may be better appreciated 
on CECT. CT and MRI show enlarged kidneys with per-
inephric fat stranding and occasionally, abscess formation. 

Fig. 7   IVU appearance of 
crossed fused ectopia in two 
different individuals, demon-
strated on the 15-min delayed 
spot images. a The left kidney is 
ectopically located on the right 
side, inferior to the right kidney. 
The two kidneys are axially 
rotated in comparison to each 
other with the pelvis of the right 
kidney directed medially and 
that of the ectopic left kidney 
directed laterally, suggestive of 
S-shaped ectopia. b The right 
kidney is ectopically located 
on the left side, inferior to the 
left kidney, and has a trans-
verse orientation, suggestive of 
L-shaped ectopia. In both the 
cases, the ureter of the ectopic 
kidney is crossing the midline 
and orthotopically opening into 
the urinary bladder
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Uncontrolled infection may lead to abscess formation. Dia-
betic patients may develop emphysematous pyelonephritis, a 
more severe form of the disease, characterized by intrarenal 
and perinephric air foci [11, 22].

Traumatic kidney injury

Fusion anomalies predispose the kidneys to traumatic injury. 
Horseshoe kidney is more vulnerable to trauma due to its 
lower, more anterior position and lack of protection by the 
rib cage. Also, the midline isthmus is particularly vulnerable 
to compression injuries against the spine. PUJO, when pre-
sent, increases the risk of injury to the upper urinary tract. 
CECT is modality of choice in assessing traumatic renal 
injury and demonstrates renal lacerations, intrarenal or per-
inephric hematoma, vascular and collecting system injury. 
Thus, it assists in grading and triage, and in planning the 
management [11, 14, 22].

Renal neoplasms

Fusion anomalies are associated with both benign and 
malignant tumors of the kidneys. This predisposition has 
been attributed to a teratogenic insult in the early embryonic 
period that acts as a common precursor to the development 
of the fusion anomaly and oncogenesis. The isthmus is the 
most common site of neoplasms. RCC accounts for 45% of 
all the tumors seen in horseshoe kidneys (Fig. 14). However, 
some studies suggest that the risk of RCC in a horseshoe 
kidney is the same as the general population [24]. Horseshoe 
kidney is also at an increased risk for transitional cell car-
cinoma, Wilms’ tumor, neuroendocrine tumors, squamous 
cell carcinoma, and oncocytoma compared to the general 
population. TCC accounts for 28% of all the tumors and 
the increased risk has been attributed to stasis, calculi, and 
recurrent infections observed in these patients. Primary renal 
leiomyosarcoma is another very rare tumor associated with 
horseshoe kidneys. It arises from the renal capsule, or the 

Fig. 8   Inferior crossed fused 
ectopia incidentally detected in 
a 32-year-old man. a Oblique 
coronal, b sagittal and c cin-
ematic rendered CECT images 
show ectopic location and 
fusion of the right kidney to the 
inferior pole of the orthotopic 
left kidney without axial rota-
tion (both the renal hila facing 
anteromedially). d On the 
maximum intensity projection 
urographic phase image, the 
right ureter is observed to cross 
the midline and drain into the 
urinary bladder on the right side
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smooth muscle cells in the renal pelvis and blood vessels 
[11]. Malignancy in crossed fused ectopia is extremely rare 
[11, 14, 22, 25]. Imaging plays an important role in planning 
the surgical approach, which may be different from that of 

normal patients. In patients where preoperative embolization 
of the renal mass is considered, CT or MR angiography may 
be necessary to evaluate the variable vascular anatomy seen 
in fusion anomalies [26].

Fig. 9   Pancake kidney, inciden-
tally detected in a 27-year-old 
man. a Oblique coronal, b 
axial, and c cinematic rendered 
CECT images show the ectopic 
location of both kidneys in the 
greater pelvis, with extensive 
medial fusion. d Coronal maxi-
mum intensity projection image 
of the urographic phase shows 
the short course of the ureters 
(dashed arrows), which drain 
orthotopically without crossing 
the midline. Two tiny calculi are 
noted in the left kidney (arrow)

Fig. 10   Horseshoe kidney with 
right PUJ obstruction and sco-
liosis in a 25-year-old man who 
presented with right flank pain. 
a Axial CECT image shows 
a dilated right renal pelvis 
(arrow). b Volume rendered 
image of the urographic phase 
shows a ballooned-out right 
renal pelvis with transition 
at the pelviureteric junction. 
Thoracolumbar levoscoliosis is 
also present
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Fig. 11   Horseshoe kidney with 
partial duplication of the left 
ureter in a 24-year-old lady with 
recurrent urinary tract infection. 
a 5-min and b 15-min delayed 
IVU spot images show medially 
directed lower pole calyces 
(hand holding calyces), duplica-
tion of the left pelvicalyceal 
system, and partial duplication 
of the left ureter with orthotopic 
opening of the left ureter into 
the urinary bladder

Fig. 12   Horseshoe kidney with retrocaval ureter in a 35-year-old man 
with right flank pain. a Axial CECT image shows horseshoe kidney 
with a midline parenchymal isthmus located anterior to the aorta. b 
Delayed urographic phase oblique axial image shows right hydro-

nephrosis with transition at the retrocaval course of the right ureter 
(arrows). c Cinematic rendered image shows medial deviation of the 
ureter at the location of the retrocaval course (dashed arrow)

Fig. 13   Horseshoe kidney with left renal calculus in a 52-year-old 
male patient with left flank pain. a Plain radiograph shows a large 
lamellated calculus in the left flank region (arrow). b 15-min Delayed 
IVU spot image shows ‘hand holding’ lower pole calyces and a 

‘flower vase’ appearance of the ureters, suggestive of horseshoe kid-
ney. A filling defect is seen in the lower pole calyx (dashed arrow), 
corresponding to the calculus seen in the plain radiograph. c Axial 
USG image confirms the calculus (calipers) in the left kidney
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Conclusion

Renal fusion anomalies are relatively common congenital 
malformations with complex anatomical features. The three 
main types include the horseshoe kidney, crossed fused ecto-
pia and the fused pelvic kidney. Although, most cases are 
asymptomatic, fusion anomalies predispose the kidneys to 
a number of complications, such as urinary tract obstruction 
and reflux, renal stones, recurrent renal infections, trauma, 
and neoplasms. Knowledge of the complex imaging anatomy 
of the fusion anomalies and their associated complications 
helps in planning appropriate therapy. Imaging plays a sig-
nificant role in evaluation of these complex fusion anomalies 
as well as early detection of their complications.
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