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Abstract

Case summary This report describes a rare case of crossed fused renal ectopia (CFRE) in a cat. A mature intact male
Persian cat presented with bloody nasal discharge and ascites. Diagnostic studies revealed an ectopic left kidney fused
with an orthotopic right kidney and a concurrent feline infectious peritonitis (FIP) infection. The FIP was responsible
for clinical signs in this cat, while clinical signs associated with CFRE were not obvious. Despite receiving intensive
treatment, the cat died. A post-mortem examination was not performed because the owners declined approval.
Relevance and novel information To the best of our knowledge, this is the first report of L-shaped CFRE in a cat. In

addition, this report describes the CT features of L-shaped CFRE in a cat.
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Introduction

Crossed fused renal ectopia (CFRE) is a rare type of
renal dysplasia causing the kidneys to fuse so that
both are located on the same side of the body. In
humans, CFRE occurs in approximately 1 out of 2000
7500 births, and occurs more often in men.!2 However,
it has rarely been reported in veterinary medicine.? To
date, only one case in a cat has been reported.* CFRE
is thought to result from aberrant migration and cross-
ing of the midline of the metanephric blastema and
the ureteral bud, leading to fusion of the kidneys
within the pelvis.! Most CFREs in humans are asymp-
tomatic and found either accidentally during an
autopsy or diagnostic investigation for concurrent dis-
eases.’ However, in humans with symptomatic CFRE,
complications are observed in approximately 50% of
cases and include nephrolithiasis, infection and hydro-
nephrosis.®” Although primary treatment for CFRE is
not necessary for most cases, awareness for this dis-
ease is critical in cats requiring any surgical interven-
tion in the urinary system, as aberrant blood supply to
a cross-fused kidney is common. This case study
describes the ultrasound and CT findings of a rare
form of CFRE in a cat.

Case description
A mature intact male Persian cat (unknown age; weighing
3.1 kg) presented with a haemorrhagic nasal discharge and

ascites. The cat was rescued a month before the presenta-
tion, so its past history was unknown. Owing to a haemor-
rhagic nasal discharge, the cat was treated in a local
veterinary clinic for several days but did not respond to
therapy, which included antibiotics (doxycycline, 5 mg/kg
PO q12h). There were no records for vaccination and
anthelmintic treatment. At presentation, the cat was adult,
emaciated (body condition score 1/5) and hypotensive
(systolic blood pressure 100 mmHg, measured by Doppler
method at the right forelimb). The cat was dehydrated
(positive skin turgor test, >2 s capillary refill time, pale
membrane). No particular abnormalities were found dur-
ing a physical examination, with the exception of dehydra-
tion and haemorrhagic mucopurulent discharge in both
nostrils. Initial laboratory tests were directed to rule out
infectious causes for upper respiratory infection. The cat
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Figure 1 Ultrasonographic longitudinal images of kidneys in this case. (a,b) Ultrasonography showing the upper pole of the left
kidney and the lower pole of the right kidney fused with each other. (c,d) The proximal portion of ureters in both kidneys were
dilated. LPRK = lower pole of right kidney; UPLK = upper pole of left kidney; UR = ureter.

was negative for feline herpesvirus, feline calicivirus, feline
leukaemia virus/feline immunodeficiency virus and feline
panleukopenia, based on PCR testing (IDEXX Laboratories,
Sungnam, Korea). A complete blood cell count showed
mild hypochromic anaemia (haemoglobin 7.3 g/dl [refer-
ence interval {RI}] 9-16 g/dl; red blood cell count 4.59 M /ul
[RI 6-11 M/ul]) and mild leukocytosis with lymphopenia
(white blood cell count 13.3 K/pl [RI 5-11 K/ul]; lympho-
cytes 0.7 K/pl [RI 1.5-7 K/qul]), while blood chemistry
revealed hyperglobulinaemia (5.2 g/dl [RI 2.8-5.0 g/dl])
with severely decreased albumin/globulin ratio (0.5 [RI
0.8-2.0]). Urinalysis, including urine culture and sediment
tests, showed no particular abnormalities with a urine spe-
cific gravity of 1.035. Differential diagnosis for this case
included neoplasia and other infectious causes.

Thoracic radiography revealed a mild, diffuse pulmo-
nary infiltration mixed with an alveolar and interstitial
pattern in the left cranial lung lobe. Cytological examina-
tion of a nasal discharge showed cell debris, mononu-
clear cells and coccobacilli. Based on findings on thoracic
radiography and nasal cytology, bacterial pneumonia
was strongly suspected. Further diagnostic tests such as
tracheal wash or bronchioalveolar lavage were not
attempted owing to the cat’s clinical condition. An
abdominal ultrasound examination showed free fluid in
the body cavity and cross-fused kidneys located on the

right side from the midline, indicating an ectopic left
kidney fused with an orthotopic right kidney (Figure
la,b). A repeated renal ultrasound revealed that the ure-
ters of both kidneys were dilated, suggesting the pres-
ence of hydronephrosis (Figure 1c,d). Only the proximal
portion of the ureters of both kidneys were dilated.
However, renal pelvic dilations were not clearly deter-
mined. Volume rendering of CT images showed crossed
fused renal ectopia on the right side and the presence of
two right renal arteries from the descending aorta enter-
ing the medially facing hilum of the fused kidneys
(Figure 2a,b). A dorsal plane image showed an ectopic
left kidney placed horizontally anterior to the L4 and L5
vertebrae that was fused with the lower pole of a nor-
mally placed right kidney, indicating L-shaped CFRE
(type E; Figure 2¢). The renal dimensions (parenchymal
thickness) of the superiorly (right) and tandemly (left)
situated kidneys were 27 X 36 (8.8) mm and 26 X 32
(8.1) mm, respectively (Figure 2c). The ureter of the left
ectopic kidney crossed over the midline, while ureter-
ovesical junctions were normally located (Figure 2d).
Proximal portion of ureters of both kidneys were dilated
as noticed in renal ultrasound. However, renal pelvic
dilations were not clearly observed.

A sample of abdominal fluid was collected with ultra-
sound guidance. Cytological examination of this sample
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Figure 2 (a,b,d) Volume rendering images and (c) dorsal multiplanar reformatted CT images in the nephrographic and
excretory phase of the affected cat. (a,b) Volume rendering images show crossed fused renal ectopia on the right side and
the presence of two right renal arteries (arrow) from the descending aorta entering the medially facing hilum of fused kidney.
(c) Dorsal plane image shows ectopic left kidney placed horizontally anterior to L4 and L5 vertebrae is fusing with the lower
pole of the normally placed right kidney. (d) The ureter of the left ectopic kidney crosses the midline and ureterovesical

junctions are normally located

revealed a protein-rich fluid (4.8 g/dl) consisting of mac-
rophages and non-degenerate neutrophils, suggesting a
feline infectious peritonitis (FIP) infection. The sample
was submitted for PCR confirmation of feline coronavirus
infection and was found to be positive. Based on diagnos-
tic studies, the cat was diagnosed with left-to-right CFRE
complicated with FIP and respiratory tract infection.
Therapy was directed to manage the clinical signs
associated with FIP and bacterial pneumonia, as there
was no evidence that a pre-existing CFRE contributed to
clinical signs in this cat. The cat was treated with doxycy-
cline (5 mg/kg PO q12h [Vibramycin; Pifzer]), cefotaxime
(40 mg/kg IV q8h; Kyungnam) and prednisolone (1 mg/
kg PO q12h [Solone; Handong]) with occasional nebuli-
sation therapy (aminophylline 100 mg in saline 10 ml

solution for 15-20 mins q8h) for 1 week. However, clini-
cal signs worsened with this intensive treatment and the
cat died. A post-mortem examination was not performed
because the owners declined approval.

Discussion

Based on anatomical variations, six types of CFRE have
been reported in humans: inferior crossed fusion; sig-
moid or S-shaped kidney; lump kidney; disc kidney;
L-shaped kidney; superior crossed fusion (Figure 3).! A
modified classification divides CFRE into: (1) crossed
ectopia with fusion; (2) crossed ectopia without fusion;
(3) solitary crossed ectopia; and (4) bilateral crossed ecto-
pia.® In most human cases of CFRE, the kidneys are par-
tially or completely fused. According to the literature,
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Figure 3 Six types of crossed fused renal ectopia in the human. (a) Inferior crossed fusion; (b) sigmoid or S-shaped kidney;
(c) lump kidney; (d) disc kidney; (e) L-shaped kidney; and (f) superior crossed fusion. Modified from Sharma et al®

the inferior CFRE with left-to-right crossover is the most
frequent type of CFRE,»® which is characterised by
fusion of the ectopic left kidney to the lower pole of the
orthotopic right kidney. A previous human study found
that CFRE is twice as prevalent in men than in women.®
Similar to human studies, the affected cat in this study
was male and had CFRE characterised by an inferior
crossed fusion.

Although >50% of human patients with CFRE are
asymptomatic at first presentation, CFRE that is sympto-
matic is clinically significant because approximately 50%
of symptomatic CFRE patients have complications,
including nephrolithiasis, hydronephrosis and infec-
tions. As observed in humans, suggestive findings of
hydronephrosis (ie, ureteral dilation) were seen in a
renal ultrasound in this cat, although there were no clini-
cal signs (eg, polyuria/polydipsia) directly related to
CFRE. However, in this case, it was difficult to determine
whether the cat did not previously show clinical signs
related to renal diseases because the owners rescued it 1
month before presentation. Hydronephrosis is a com-
mon complication in humans with CFRE and may occur
as a result of pelviureteric junction obstruction.!0!

Human studies have shown that entrapment of the ure-
ter in the isthmus and vesicoureteral reflux were respon-
sible for the development of hydronephrosis and
pyelonephritis.1213

Common diagnostic tests in humans with CFRE
include urography (ie, anterograde or retrograde ureter-
ogram), abdominal ultrasound and CT scans.” The char-
acteristic findings of renal ultrasound in humans with
CFRE are an anterior and/or posterior notch in the kid-
ney with two ureters entering into the urinary bladder,
an abnormal arterial supply and venous drainage, cal-
yceal distortion, hydronephrosis and urolithisasis.! In
our case, these characteristic findings were not clearly
visible, except findings suggestive of hydronephrosis (ie,
ureteral dilation) in an abdominal ultrasound examina-
tion. On the abdominal ultrasound examination, the
ectopic left kidney was fused with the orthotopic right
kidney. We were unable to define the exact type of CFRE
and to identify abnormalities in vascular supply and
ureteral drainage. The CT scan clearly revealed the
fusion of the left ectopic kidney with the lower pole of
the orthotopic right kidney, making an L-shaped kidney.
The L-shaped CFRE is a rare type of CFRE in humans,®
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and has never been reported in cats. The most common
type of CFRE is inferior crossed fusion CFRE, in which
the ectopic left kidney is positioned inferiorly and the
orthotopic right kidney is positioned superiorly. This
type of CFRE has been reported in a cat.> A CT scan also
provided images of the vascular supply and ureteral
drainage to the urinary bladder in this case. Interestingly,
two arteries from the descending aorta branched into
each of the fused kidneys. Furthermore, each ureter from
the ectopic left and orthotopic right kidneys was present
and connected to the urinary bladder, as normally
expected. It is not uncommon for humans to have more
than one renal artery and atypical configurations of the
vascular supply.!® In this case, a CT scan provided better
imaging details for defining abnormalities than ultra-
sound imaging.

Although no specific guidelines for the management
of CFRE in humans have been proposed, it often causes
recurrent upper urinary tract infections (UTIs) and
obstructions. In such cases, pyeloplasty for relieving pel-
viureteric junction obstructions and reimplantation of the
ureter for preventing vesicoureteral reflux would be nec-
essary. A subcutaneous ureteral bypass device could be
an option for cats with CFRE with recurrent upper uri-
nary tract obstructions. Because there was no diagnostic
evidence of UTI and severe obstruction in this cat, surgi-
cal therapy was not further considered. Hypertension
has been reported in humans with CFRE and may occur
as a result of an aberrant arterial supply to fused kid-
neys.!®> More detailed angiographic studies may be bene-
ficial to identify anomalies in the arterial supply in those
cases. Doppler evaluation of the renal artery has been
performed in humans to identify renal artery stenosis or
kinking of an artery as potential causes of renal hyperten-
sion."* One feline case of CFRE has been reported and
was associated with renal failure and hypertension,?
although the cat had the most common type of CFRE (ie,
an ectopic left kidney fused with an orthotopic right kid-
ney). However, the cat in this case was hypotensive at the
first presentation as a result of dehydration and was
never hypertensive during hospitalisation.

In our case, there was no direct evidence that pre-
existing CFRE contributed to the clinical signs, even
though findings suggestive of hydronephrosis were
observed during a renal ultrasound. Most clinical signs
observed in this cat were consistent with those of FIP
complicated by respiratory tract infection. The cat was
hypotensive (owing to dehydration) and had no evi-
dence of urinary problems in laboratory tests. We
believe that CFRE may have been asymptomatic in this
cat, unlike a previously reported case.* In humans,
many cases of CFRE have been found with other con-
genital malformations affecting the urogenital, gastro-
intestinal and musculoskeletal systems.!” However,
this cat had no other congenital malformations.

Conclusions

CFRE is a rare congenital anomaly and is readily detect-
ible on a renal ultrasound and CT scan. As it is often
associated with recurrent UTIs and obstructions, practi-
tioners should include this anomaly as a case of a recur-
rent UTI or pelvic dilation in cats.
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