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Retrocaval ureter and transposition of the caudal vena cava are each, rare developmental anomalies. We

describe the usefulness of static fluid magnetic resonance urography and dynamic contrast-enhanced magnetic

resonance urography in the diagnosis of these anomalies. Basic techniques, benefits, and drawbacks of magnetic

resonance urography are presented. Veterinary Radiology & Ultrasound, Vol. 51, No. 1, 2010, pp 52–56.
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Signalment, History, and Clinical Findings

AN 8-YEAR-OLD neutered female Bernese Mountain

Dog was evaluated for chronic diarrhea. Two years

previously the dog had been diagnosed histopathologically

with moderate plasmocytic duodenitis. No physical abnor-

malities were detected. Hematologically, there was marked

thrombocytosis (1,182,000/mm3; reference range 250,000–

550,000/mm3). Bone marrow was characterized by reactive

megakaryocytic hyperplasia, and a macrophagic hemosidero-

sis associated with atypic monocytes leading to a suspicion of

hemophagocytic histiocytic sarcoma.

Imaging

Sonographically, the left renal pelvis was enlarged at

4 cm and there was marked ureteral dilation at 2 cm. A

cause for the ureterohydronephrosis was not apparent. The

right kidney appeared smaller than normal, was irregularly

shaped and there was a loss of corticomedullary definition.

Magnetic resonance (MR) imaging was performed using

a 1T scanner.� Images were acquired with the follow-

ing sequences: T1-weighted gradient-echo in dorsal and

transverse planes, T2-weighted turbo spin-echo with and

without fat saturation in dorsal and transverse planes.

T1-weighted gradient-echo images in dorsal and transverse

planes were repeated after intravenous injection of gadot-

eric acid.w To define the vascular abdominal anatomy and

to follow the passage of contrast medium through both

kidneys, dynamic contrast-enhanced MR urography was

also performed. A three-dimensional (3D) T1-weighted

gradient-echo fast low angle shot (FLASH) sequence was

acquired in the dorsal plane. A precontrast mask was ac-

quired, then a contrast medium detection sequence was

performedz in the area of the abdominal aorta. The same

dose of gadoteric acid was reinjected intravenously. When

the contrast medium appeared in the cranial part of the

abdominal aorta, acquisition of the 3D FLASH with

elliptic centric view ordering of k-space was started. Three

consecutive 3D volume acquisitions were repeated after 3,

5, and 10min.

The marked pyelectasis and dilation of the proximal part

of the left ureter were clearly seen. The left proximal ureter

had a medial and dorsal deviation and the dilation ended

abruptly in the area of a large, left sided curving abdominal

vessel suspected to be a malpositioned caudal vena cava

(Fig. 1). In the transverse plane, the end of the dilated part

of the ureter was seen immediately dorsally to this large

abdominal vessel. The left ureter was barely visible distal to

the occlusion (Fig. 1B). The left ureter was occluded be-

tween the dorsal wall of the caudal vena cava and the

ventral surface of the psoas muscles (Fig. 2). After the first

contrast medium injection, the transposition of the caudal

vena cava on the left side of the aorta was apparent. No

enhancing lesion could be detected in the area of the left

ureteral occlusion (Fig. 3). In the 3D FLASH mask

sequence acquired 9min after the first contrast medium

injection, excretion of gadolinium into the left renal col-

lecting system was evident, and the contrast medium had

the same appearance as in the static T2-weighted dorsal

images. Enhancement of the right renal collecting system

was faintly visible in comparison to the left side. There

were two renal arteries supplying each kidney. The arte-

riographic series eliminated the aorta as the cause of the
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placement of the caudal vena cava. The vein crossed the

midline of the abdomen near the aortic trifurcation where

it curved laterally, crossed dorsal to it and then coursed

laterally to the left side of the abdominal aorta to the ostia

of the cranial renal arteries where it crossed ventrally. The

dilated left ureter ended abruptly to the left of the caudal

vena cava (Fig. 4). The final diagnosis was left ureter-

ohydronephrosis secondary to transposition of the caudal

vena cava and retrocaval ureter.

Fig. 1. (A) Static-fluid T2-weighted TSE fat-saturated dorsal image (TR¼ 5000ms, TE¼ 97ms). The marked pyelectasis and dilation of the proximal part of
the left ureter are clearly seen (black star). The left proximal ureter is characterized by a medial and dorsal deviation and the dilation ends abruptly in the area of
a large, left sided curving abdominal vessel suspected to be a malpositioned caudal vena cava (white arrowhead). Right is to the left and cranial is to the top.
(B) In the transverse plane, the end of the dilated part of the left ureter is seen dorsal to this large abdominal vessel (arrowhead). The left ureter was barely
visible distal to the occlusion. Right is to the left and ventral is to the top.

Fig. 2. T1-weighted transverse gradient-echo sequence (TR¼ 166ms,
TE¼ 7.49ms, flip angle 701) centered in the area of the ureteral dilation
confirms the occlusion of the left ureter between the dorsal wall of the caudal
vena cava and the ventral surface of the psoas muscles (white star). Right is
to the left and ventral is to the top.

Fig. 3. T1-weighted dorsal gradient-echo sequence (TR¼ 148ms, TE¼
7.49ms, flip angle 701) acquired immediately after intravenous contrast
medium injection confirms the transposition of the nonenhanced caudal vena
cava (white star) on the left side of the opacified aorta (arrowhead). Right is
to the left and cranial is to the top.
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Discussion

In humans, the prevalence of transposition, or left sided

inferior vena cava is 0.2–0.5%. Retrocaval ureter is a rare

congenital anomaly resulting from the abnormal develop-

ment of the inferior vena cava with a prevalence of

0.1%, with a two to threefold predominance in males.

Only two human patients with both anomalies have been

described.1,2 A left-sided circumcaval ureter has been de-

scribed in a young dog but no mention was made of trans-

position of the caudal vena cava.3 A circumcaval ureter has

been described in the cat.4

The embryogenesis of the caudal vena cava is complex,

involving anastomosis and regression of three paired ve-

nous systems; the posterior cardinal, the subcardinal, and

the supracardinal systems. This complex embryogenesis

may result in four aberrant anatomic variants: duplicated

caudal vena cava, transposition or left sided caudal vena

cava, retroaortic left renal vein, and circumaortic left renal

vein. Multiple concurrent vascular anomalies have occa-

sionally been reported in humans5 as well as in animals.3

Concurrent congenital nonvascular abnormalities have

also been reported frequently in humans with retrocaval

ureter, including glandular hypospadia, supernumerary

lumbar vertebra, syndactylia, and intestinal malrotation.5

Development of the left sided caudal vena cava and retro-

caval ureter as described in our dog requires two simulta-

neous caudal vena cava anomalies: the left sided caudal

vena cava requires persistence of the left venous system

that normally partially disappears and the formation of the

retrocaval ureter requires persistence of the left subcardinal

vein, which is ventral to the definitive ureteral position,

rather than the left supracardinal vein as the renal segment

of the caudal vena cava.1

Most often, retrocaval ureter is identified during the

third or fourth decade of life, however, symptomatic pe-

diatric patients have been described.3,6 Gradual develop-

ment of hydronephrosis accounts for the low incidence of

detection during childhood.6 In most patients, symptoms

are related to ureteral obstruction and hydronephrosis.

Pain can be intermittent and dull. Varying degrees of hem-

aturia are noted in many patients.7

Fig. 4. Composite image of dorsal subvolume maximum intensity projection derived from the 3D T1-weighted (FLASH) sequence (TR¼ 4.3ms,
TE¼ 1.54ms, flip angle 301). This image excludes the aorta as the cause of the left ureteral compression. Opacification of the right renal collecting system was
delayed in comparison to the left side. Right is to the left and cranial is to the top.
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Diagnosis of retrocaval ureter is usually established by

excretory urography and retrograde pyelography. But,

when the diagnosis cannot be established with these meth-

ods, the combination of retrograde pyelography and

cavography has been used. However, these procedures

are invasive. Contrast-enhanced computed tomography

and MR urography are the least invasive ways to diagnose

retrocaval ureter. MR urography can be performed using

unenhanced MR urography based on heavily T2-weighted

pulse sequences, or gadolinium-enhanced MR urography.8

Static fluid MR urography can be used as an alternative

to conventional excretory urography to obtain high-quality

images of the dilated upper urinary tract and adjacent ab-

normalities. Static fluid MR urography does not require

the excretion of contrast medium and is useful for evalu-

ating the dilated collecting system of a poorly functional

kidney.9 Gadolinium-enhanced MR urography provides

both functional information and detailed morphologic in-

formation concerning the ureters and periureteral tissue

allowing a patient to be evaluated for the full spectrum of

obstructive and nonobstructive ureteral diseases.8,9 Unless

used in patients with severe renal dysfunction where gad-

olinium contrast medium has been related to nephrogenic

systemic fibrosis, gadolinium-enhanced MR imaging is

considered safe and indicated in patients who cannot tol-

erate iodinated contrast medium and in patients with mod-

erately reduced excretory function.10

A protocol for gadolinium-enhanced MR imaging has

been described recently.9 A 3D fat-suppressed echo-gradi-

ent sequence is acquired before and at times after contrast

medium injection. By obtaining pre- and postcontrast im-

ages using identical imaging parameters, subtracted images

that are particularly useful for the assessment of enhanc-

ing lesions can be obtained. After gadolinium-based con-

trast medium injection, magnetic resonance angiography

(MRA) may be performed during the first pass of contrast

medium through the aorta and renal arteries. Evaluation of

the venous system is generally possible on subsequent im-

ages.9,11–14 Excretory phase images of the contrast medium

from the renal cortex to the ureters can usually be obtained

approximately 5min after gadolinium injection in humans.

By combining various indices (differential renal function,

renal transit time of contrast medium, peak relative signals

in the cortex, medulla and calyces, washout rates, slope

clearance of contrast medium) provided by gadolinium-

enhanced MR urography, along with the anatomic infor-

mation available from the same MR imaging examination,

it is possible to provide an accurate diagnosis of obstruc-

tion and quantitatively evaluate quantitatively the ability

of the cortex and medulla of each kidney to concentrate

and excrete the contrast medium. Subtle changes of renal

function can be analyzed.13–15 Moreover, MRA has proved

to be particularly useful in a large spectrum of nephrologic

and urologic disease in humans, including the preoperative

workup of kidney donors and evaluation of posttransplant

renal failure in humans.11 In our dog, the appearance

of contrast medium in the right kidney was delayed com-

pared with the left, as was the appearance of contrast

medium in the right ureter. We therefore suspected a more

advanced right renal dysfunction than in the obstructed

left kidney.

Recently, analysis of data in humans obtained from dy-

namic MR urography has been shown to provide an accu-

rate estimation of glomerular filtration rate. It is likely that

in the near future, MR imaging will be able to provide sim-

ilar information in comparison to renal scintigraphy.13–15

The major drawbacks of MR urography are its high cost

and its low sensitivity in the detection of calcifications

when obstructive uropathy is suspected. However, the cost

is offset by the fact that a single MR imaging examination

provides anatomic information, and assessment of the va-

sculature and function of the kidneys.

Retrocaval ureter should be corrected surgically as soon

as ureteral obstruction is present. This involves resection of

the retrocaval segment and relocation of the anastomosis

ventral to the caudal vena cava.3,5 In our dog, functional

information provided by gadolinium-enhanced MR uro-

graphy suggested that a left nephrectomy should be avoided

despite the ureteral obstruction. In this instance, our dog did

not undergo surgery because of the high suspicion for hist-

iocytic sarcoma.

In conclusion, although rare, retrocaval ureter should be

considered in the differential diagnosis for ureterohydro-

nephrosis. Gadolinium-enhanced MR urography offers a

superb imaging technique to diagnose retrocaval ureter and

provides functional information as well.
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