
I
ntravenous urography (IVU) has long been the major

and first-line modality in evaluating GU tract abnor-

malities. However, the imaging findings are prone to be

affected by artifacts (bowel gas or bowel content), and

poor or non-opacified urinary tract (due to impairment

renal function).1,2 For radiolucent stones, IVU is also

limited. The aforementioned conditions are in prejudice

of instantly and correctly diagnosing urinary tract abnor-

malities. These situations not only for the clinician to or-

der extra examinations for further evaluation urinary

tract disorders, but the final diagnosis and proper man-

agement for patient with acute clinical symptoms will

also be delayed.3 Because of the limitations in correctly

diagnosing urinary tract abnormality by IVU, a more ac-

curate and rapid substitute modality for IVU is war-

ranted. With improvement in examination techniques of

CT, helical CT scan has become an alternative modality

in evaluating urinary tract abnormalities, especially for

urolithiasis.1 The good imaging resolution and rapid ex-

amination time of helical CT significantly improves ex-

amination course compared to that of IVU. But the axial

images of CT may cause some interpretation difficulties

for clinicians who are familiar to analyze coronal images

for IVU. Reformatted 3-dimension (3D) CT urography

from thin-cut axial helical CT scan can create a coronal

imaging which is like the imaging of IVU. Three-

dimensional CT urography is not only easily interpreted

by the clinicians who are unfamiliar with axial CT im-

age, but it also improves the accuracy in diagonosing uri-

nary tract abnormalities.4 Here we performed reformat-
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Assessment of CT Urography in the

Diagnosis of Urinary Tract Abnormalities

Backround. To evaluate the accuracy of helical computerized tomography urography

(CTU) in diagnosing urinary tract disease.

Methods. We collected 102 patients who underwent CTU from March 2001 to Sep-

tember 2002. The clinical symptoms of these patients included: flank pain or

hematuria, which were clinically suggestive of urinary system disorders. All patients

received CT scan with or without intravenous contrast medium administration, ex-

cept patients who had allergy history or poor renal function. Reformatted CT

urography was performed and the accuracy of imaging diagnosis was evaluated.

Results. Of these 102 patients, 40 cases were proved to have urolithiasis, 24 cases

were with renal or ureteral tumors, and there were 38 cases of other urinary system

disorders (including inflammation, ureteral stricture and congenital anomalies).

Precontrast CTU correctly diagnosed 39 of 40 urolithiasis cases (97.5%). Precontrast

and contrast-enhanced CTU were performed in the non-urolithiasis group and cor-

rectly diagnosed 23 cases of renal or ureteral tumors, 4 cases of congenital disorder (2

duplications, 1 congenital renal agenesis due to VATER syndrome and 1 retrocaval

ureter). Five of 34 patients with chronic inflammatory process of urinary tract or

ureteral stricture were indistinct from malignancies according to the imaging of CT

urography.

Conclusions. CTU is good modality for demonstration of urinary tract disorders. It is

better in showing radiolucent stones and non-opacified urinary system. CTU demon-

strates more soft tissue information than IVU in the patients with urinary tract tu-

mors. CTU may be an alternative modality for patients with deterioration of renal

function or allergic history of contrast medium.
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ted CT urography for patients with clinical symptoms

that highly suggested urinary tract abnormalities, and

evaluated the diagnostic value of CT urography.

METHODS

From March 2001 to September 2002, 102 consecu-

tive patients (61 men and 41 women, age ranged from 5 to

84 years old, mean age 53.4 years) who had acute renal

colic or hematuria that highly suggested urinary tract ab-

normalities underwent non-enhanced helical and excre-

tory phase CT for evaluating the urinary system. Women

who were pregnant or prepared for pregnancy were ex-

cluded from this study. The non-enhanced and excretory

phase, contrast-enhanced helical CT studies were per-

formed with a multidetector row CT scanner (Light Speed

QX/I version 1.3; GE Medical Systems, Milwaukee, WI,

USA). CT scans were obtained from the kidneys to the

bladder with the following technique: a collimator of 5

mm, a pitch of 6, and with 200 mAs. Images were recon-

structed at a thickness of 2.5 mm with intervals of 1.25

mm. Three-dimensional (3D) reconstructions of the non-

enhanced and excretory phase, contrast-enhanced helical

CT scans were performed at a workstation (GE Advantage

for Windows 4.0; GE Medical Systems) by an experi-

enced technician supervised by a radiologist who is expert

in genitourinary radiology. The 3D reconstructions in co-

ronal and bilateral 25- to 35-degree coronal oblique pro-

jections were created with multiple planar reconstructions

(MPR). Retrospective comparison the results of the CT

urography with other clinical results (pyeloureteroscopy,

surgery or spontaneous passage of the urolithiasis), and

imaging examinations (retrograde pyelography or sono-

graphy) were performed.

RESULTS

Of these 102 patients, 40 cases were proven to have

urolithiasis, 24 cases were with renal or ureteral tumors,

and there were 38 cases of other urinary system disorders

(including 34 cases of inflammation and ureteral stricture, 4

cases of congenital anomalies). Precontrast CTU cor-

rectly diagnosed 39 of 40 urolithiasis cases (97.5%)

(Figs. 1, 2). Precontrast and contrast-enhanced CTU were
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Fig. 1. A 79-year-old male patient presented with acute right flank pain. (A) The intravenous urography (IVU) shows 1 calci-
fied stone at the right flank region. The right kidney is not opacified due to deterioration of renal function. Therefore, the ob-
struction level of urinary tract cannot be shown. (B) Non-contrast CT urography clearly demonstrates stone located at right
uretero-pelvic junction with marked right hydronephrosis. An appendicolith noted in Fig. 1A (arrow) is also depicted by the CT
scan as an associated finding.



performed in the non-urolithiasis group and correctly di-

agnosed 23 cases of 24 renal or ureteral tumors (95.8%)

(Fig. 3), abd 4 cases of congenital disorders (100%)

(Figs. 4, 5) (2 duplications, 1 congenital renal agenesis due

to VATER syndrome and 1 retrocaval ureter). Twenty-nine

of 34 patients (85.3%) with chronic inflammation of GU

tract or ureteral stricture were correctly diagnosed by CT

urography (Fig. 6). CT urographic findings of the re-

maining 5 of 34 patients could not be distinguished from

neoplasm of urinary tract (Fig. 7). The final diagnosis of ma-

lignancy was excluded in these 5 patients only after biopsy

or brushing cytology by ureteroscopy.

DISCUSSION

Because of the good imaging resolution and rapid

examination time of helical CT scan, it has become a

promising modality for diagnosing urinary tract abnor-

malities. By improvement of the computer technique, 3D

CT urography reformatted from axial thin-cut multi-slice

CT imaging is capable of providing more diagnostic in-

formation than that by conventional CT.4 The radiation

dose is also markedly reduced by using the design of

multiple-detector of helical CT scan. Recent study showed
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Fig. 2. A 56-year-old woman with history of diabetes mellitus, clinically manifested as fever and left flank pain. (A) IVU
shows minimal enhancement of left kidney, with suspicious space occupying mass at upper pole. A staghorn stone of the left
kidney is also noted. (B) CT urography shows multiple loculated cysts of the upper pole of the left kidney and staghorn stone
within the left renal pelvis. Xanthogranulomatous pyelonephritis was diagnosed by CT urography with subsequently surgical
confirmation.

Fig. 3. A 69-year-old man with gross hematuria for 1
month. CT urography shows marked left hydronephrosis
and hydroureter. Note increased soft tissue density of the
left distal ureter (arrowheads) which causes obstruction
uropathy. Urothelial cell tumor of the left distal ureter was
impressed, and was proved by surgery.



that the radiation dose of CT urography was similar or

just slightlt greater than that of IVU.5

According to our results, CT urography displayed

extremely high accuracy in diagnosing urolithiasis (sen-

sitivity 97.5%, specificity 100%). Because most urolithiasis

is radiopaque on CT scan, non-enhanced CT urography

is sufficient in diagnosing urolithiasis without intrave-

nous contrast medium administration. According to 1 re-

cent study, noncontrast CT demonstrated superior sensi-

tivity to IVU in detecting renal tract calculi.1 By using
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Fig. 4. A 48-year-old man with clinical presentation of right flank pain. (A) IVU shows moderate hydronephrosis and
hydroureter of the right side with the presence of a tortuous right ureter. (B, C) Post-contrast CT and reformatted CT urgraphy
show the same findings of IVU, however, bird beak-like narrowing at the upper third of the right ureter (arrowheads), which is
compressed by IVC (arrow), is clearly demonstrated. Retrocaval ureter was diagnosed.

Fig. 5. A 5-year-old boy with a history of congenital heart
disease who presented with symptoms of recurrent urinary
tract infection. CT urography shows agenesis of the left kid-
ney. Marked right hydronephrosis and hydroureter is also
noted. VATER syndrome of this boy was diagnosed.

Fig. 6. A 82-year-old man with clinical manifestation of left
flank pain and dysuria. The non-contrast CT urography shows
irregular thickening of the entire left ureter and urinary bladder
wall (arrowheads). Chronic inflammatory process was impressed.
Biopsy was performed and revealed granulomatous change
histopathologically. The diagnosis of urinary TB was made.



non-enhanced CT urography as the diagnostic modality

for patients with clinical suspicion of urolithiasis, the un-

warranted side effects due to IV contrast medium during

IVU could also be prevented. Furthermore, it is also ben-

eficial in improving the diagnostic rate of urolithiasis

when analyzing radiographs in conjunction with CT

scans and CT urography.4 Although almost all renal

stones are radiopaque on CT scan, in extremely rare con-

ditions, they are radiolucent due to variable component

of renal stones.2 In just 1 of our cases, radiolucency of

the renal stone with only mild marginal calcification was

noted in the renal pelvis; which was falsely interpreted as

renal pelvic tumor. Other studies also reported that phle-

boliths might mimic renal stones at the pelvic region, es-

pecially in those patients who lack adipose tissue at the

pelvic cavity, which may cause diagnostic pitfalls.6,7 We

did not encounter this situation in our patients, probably

due to the number of cases being limited. However, our

experience suggests that 3D reformatted CT urography

can provide more information in distinguishing phleboliths

from renal stones than can conventional axial CT scan,

by viewing the anatomic relationship with multiplanar

images.

CT urography also has good potential for diagnosing

neoplasms in the urinary tract. In our 102 patients with

clinical manifestations of urinary tract disorders, CT

urography correctly detected 23 out of 24 patients with

urinary tract tumors (1 angiomyoliopma, 21 urothelial

cell carcinomas, 1 renal cell carcinoma, 1 rhabdo-

myosarcoma of the urinary bladder), which were proved

by surgical intervention and biopsy. In our experience,

CT urography has superior sensitivity in detecting

neoplasms in the urinary system than IVU does, espe-

cially in patients with impaired renal function so that the

urinary system could not be opacified on IVU. CT uro-

graphy is also better in demonstrating the extent of tumor

involvement than axial conventional CT scan. However,

CT urography is limited in detecting early neoplasms

arising from the urothelial epithelium, which can be

better demonstrated on ureteroscopy, just as in 1 of our

patients, who had early superficial urothelial cell carci-

noma of the ureter, and was misinterpreted as negative

findings on CT urography.

We also detected 4 congenital urinary abnormalities

(including 2 cases of duplication with ectopic ureter, 1 case

of retrocaval ureter, and 1 renal agenesis of VATER syn-

drome). We found that CT urography was effective in diag-

nosing these congenital disorders; the same conclusion was

also made by another investigation.8 CT urography also

provides more information than IVU in determining the na-

ture of ureteral stenosis,5 and our result also supports this

point. Twenty-nine of 34 patients were correctly diagnosed

as ureteral stenosis by CT urography, which was proved by

ureteroscopy. However, in our experience, CT urography is

sometimes limited in differentiating chronic inflammatory

process from neoplastic change. In our 34 patients with

ureteral stricture or chronic inflammation, the images of CT

urography initially could not distinguish 5 cases of chronic

inflammatory change from urinary neoplasms (Fig. 7). Ac-

cording to the result of CT findings with histopathologic

confirmation in our study, increased soft tissue density due

to soft tissue edema or fibrotic change in inflammatory
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Fig. 7. A 74-year-old man with gross hematuria for 1
week. The CT urography was performed after retrograde
pyelography. It shows marked right hydronephrosis and
hydroureter caused by soft tissue density (arrowheads) at
the right distal ureter. The CT urographic findings suggest
right distal ureter neoplasm. However, the result of biopsy
showed only some inflammatory cells infiltration.



changes of the urinary tract may mimic neoplasm. Since

chronic inflammatory processes of urinary tract may have

confusing imaging findings that are indistinct from malig-

nancy, we suggest follow-up of the patient’s clinical course

and histopathological correlation are necessary.

In conclusion, CT urography is a newly developed

modality for evaluating urinary tract abnormalities. Our

preliminary results show CT urography is exceptional in

diagnosing urinary tract abnormalities, especially in

urolithiasis. It also can provide more information on the

non-urinary tract abnormality of the patients. Considering

the diagnostic value and immediate proper management

for patients of urinary tract disorders, CT urography is a

promising examination and should be an alternative or

substitute modality for IVU.
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