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Abstract The objective of the study is to evaluate unen-
hanced CT following intravenous urography (IVU) for the
detection of upper urinary tract (UUT) abnormalities, when
IVU fails to provide the qualitative diagnosis. Helical CT
scan was performed on patients with suspected disorders of
UUT, after the completion of IVU for further diagnoses. In
total, 124 cases of definite diagnosis and 71 cases of uncer-
tain diagnosis via IVU were collected from 195 patients with
suspected UUT disorders. Among the 71 uncertain cases, 65
patients were consent to undergo immediate or delayed CT
scan. CT data were transferred to the workstation for post-
processing. Of all the 65 cases, the major CT diagnoses were
the following: stone disease (n = 41), urinary tract infections
(n=4), UUT tumors (n = 7), neighboring invasion or metas-
tasis (n =2), congenital anomalies (n = 2), and compressed
stenosis (n =6). Among all the results, 62 cases were con-
firmed by surgery, pathology or clinical follow-up, while
three cases (4.6%) left were still uncertain. The diagnose
accordance rate of IVU + CT achieved to 95.4%. There was
significant difference between IVU and IVU + CT in the
determinate diagnosis of UUT diseases ( ¥> =304, P <0.05).
In conclusion, IVU + CT provides more valuable informa-
tion for the localization and qualitative diagnosis of UUT
abnormalities. It is recommended as a cost-effective and
time-saving complemental means for IVU.
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Introduction

Plain abdominal radiograph (KUB), intravenous urography
(IVU) and ultrasonography (US) until now have been used
as the first step in evaluating urinary tract for many decision
makers [1], thus IVU remains the standard imaging proce-
dure in the workup of patients with hematuria, to our
knowledge, especially in many developing countries. KUB
is the simplest tool to detect radiopaque calculus of urinary
system, but limited in small or radioparent stones. US has
been playing a unique role in the evaluation of both kidney
and bladder, but less useful in detecting ureteral disorders
due to varied factors. IVU is limited in the evaluation of
renal masses, and can also be technically limited in patients
who are obese or have excessive bowel gas. Frequently,
portions of the collecting system and ureter remain unopac-
ified even when obtaining multiple views in different posi-
tions during urography [2]. Recently, spiral computed
tomography (CT) has become the imaging modality of
choice for evaluation of the whole urinary system, espe-
cially in most of developed countries. Several reports have
indicated that CT is more accurate than IVU for the exami-
nation of patients with renal colic [3-5]. Nevertheless, the
technique, especially contrasted CT urography (CTU), is
not universally accepted yet by many clinicians in many
sub-developed regions due to several factors, such as higher
radiation dose, more complex techniques, more pecuniary
cost, sophisticated equipment support, and relative high
workload [3, 6-8]. In fact, IVU is still the radiographic
standard for the evaluation of the renal calyces, infundib-
ula, pelves, and ureters, particularly in many developing
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countries despite some disadvantages [5]. Considering the
above, we were interested to find out the results if the
advantages between IVU and CT were combined. What
benefits can we obtain from the combination? To date, few
reports on the method of IVU followed by CT scan (defined
as IVU + CT) were found in literature [9]. The purpose of
this study was prospectively combine the advantages of
both CT and IVU to ameliorate the diagnostic efficacy in a
population with high pre-test suspected abnormalities of
upper urinary tract (UUT).

Materials and methods
Study method and patient group

A senior diagnostic radiologist was prospectively assigned
to help radiographers completing IVU, so those patients
with uncertain diagnosis via IVU can be selected in time to
undergo an add-on CT scan immediately or lingeringly
without using additional contrast medium (CM). We defi-
ned it as “IVU followed by plain CT”, i.e. “IVU + CT”.

From March 2006 to June 2008, 426 patients with sus-
pected disorders of genitourinary system were admitted to
our hospital. After primary examinations, a population of
195 patients with high pre-test suspected abnormalities of
UUT was selected to undergo IVU for further checkup.
Among them, 106 males and 89 females (age range 11—
75 years; mean 39 years) were included. Clinical symptoms
and case history were as follows: hematuria, flank pain,
colicky pain, oliguria, recurrent urinary system infection,
pelvic tumorectomy, abdomen mass, and so on. During
IVU, definite diagnoses in 71 patients were unable to be
made by the senior radiologist; they were informed of
further examination for possible etiological diagnosis. As a
result, a total of 65 patients agreed to undergo IVU + CT;
the others declined the suggestion.

This study was approved by the ethics committee of our
institute, and written informed consent was obtained from
all patients.

Imaging method

For IVU, patients received oral purgative (senna leaf, 20 g)
the night before examination. After a film of KUB was
obtained with a computerized radiography, ionic CM (angi-
ografin, 50 ml) was injected intravenously, and films were
taken at 5th, 10th, 15th minute after the start of injection.
When a delay in calyceal or ureteral opacification was pres-
ent, late films up to 1.5 h were also obtained. Diagnosis of
ureteral obstruction was made when we saw unilateral dila-
tation of the ureter to a specific level or a unilateral delay in
the time of appearance of excreted CM into the renal
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collecting system when compared with the opposite site.
IVU images were interpreted by one of two experienced
radiologists.

CT examinations were performed with a 64-slice scan-
ner (SIEMENS SOMATOM SENSATION). Images were
obtained from the top of the kidneys to the bladder base,
using 1.0 pitch at 90-120 kV and 150-250 mAs (adjusted
automatically). Images were reconstructed at a thickness of
1.0 mm. Forty-eight patients underwent CT scanning
immediately following IVU, while the remaining 17
patients were examined with delayed CT 1.5-2.0 h after
CM injection.

Image postprocessing

Raw images reconstructed at a thickness of 1 mm were
transferred to an independent workstation (Syngo, Siemens
Medical Solutions). Multiplanar reconstruction, curved pla-
nar reconstruction (CPR), maximum intensity projection
(MIP) and volume rendering (VR) were obtained when
needed, so as to demonstrate lesions or regions of interest
as clearly as possible. All spiral CT images were inter-
preted by two senior diagnostic radiologists. Patients diag-
nosed by consensus were defined as “definite cases”,
otherwise patients with unclear diagnosis were defined as
“uncertain cases”. All cases were confirmed by the standard
of reference, including clinical and imaging follow-up, cys-
toscopic, surgical and histological findings.

Statistical analysis

Statistical analysis was performed with the software of SAS
(Statistical Analysis System, version 8.1). A P <0.05 was
considered significant for all statistical evaluations.

Results

Of all the 65 cases with suspected ureteral diseases, 62
cases (62/65) were conclusively diagnosed with IVU + CT,
while the remaining three cases(3/65) were unclearly diag-
nosed (Table 1). All lesions were better shown on MPR or
CPR images.

Table 1 Frequencies of definite or uncertain diagnosis by IVU and
IVU +CT

Definite D Uncertain D
Positive Negative

IVU (n = 195) 114 10 71

IVU + CT (n = 65) 62 0 3

Wilcoxon test, 12 =30.47, P <0.01, D diagnosis
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Small calculi of UUT were found in 41 patients (diame-
ter range 2—-12 mm; the average diameter 5.7 & 3.9 mm)
and all these calculi were moderately or strikingly higher
density than the CM located in ureteral lumina or urinary
tract. However, one patient with mild ureteral dilatation
caused by a small stone located at the right ureterovesical
junction was indefinitely diagnosed because of the isoden-
sity (compared with soft tissue of bladder wall).

In addition, four cases of inflammatory constriction,
seven cases of tumor, two cases of metastasis (neighboring
invasion), two cases of congenital disorders, and six cases
of compressed stenosis were definitely diagnosed by the
method of IVU + CT (Figs. 1, 2, 3). Among all the results,
62 cases were confirmed by surgery, pathology, ureteros-
copy or clinical follow-up, but three cases left were still
unclearly diagnosed, occupying 4.6%. The diagnose accor-
dance rate of IVU + CT achieved to 95.4%. There was

Fig. 1 A 26-year-old man with
aradioparent calculus presenting
with left-sided renal colic for

1 week. a Digital KUB radio-
graph obtained with patient in
supine position revealed nega-
tive. b IVU film 15 min, showed
no signs of obstruction despite
mild dilatation of left ureter. No
calculus is visible. ¢, d CPR and
MIP were obtained respectively,
from the data of IVU + CT.

A 4-mm diameter calculus at the
mid/upper third of the left ureter
was found with incompleted
obstruction (arrows); and the
adjacent ureteral wall was
thickening

significant difference between IVU and IVU + CT in the
qualitative diagnosis of UUT diseases (x> = 30.4, P < 0.05).
According to Table 2, IVU + CT was found to be the best
method in depicting ureteral stones with 97.6% sensitivity,
91.3% specificity, and in conclusive diagnosis with 95.2%
sensitivity, 100% specificity; for IVU, these figures were
59.0, 89.7, 70.8, and 43.1%, respectively.

Discussion

As a traditional and conventional method, IVU has been
widely used and plays an important role in evaluation of
urinary tract diseases. But at the same time, IVU has limita-
tions. Radiolucent calculi may be easily missed, and the
exact location and size of small radiopaque calculi or non-
calculus lesions may be difficult to determine. In fact,
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Fig. 2 A 68-year-old woman
with inflammatory construction
who presented with right flank
pain for 5 weeks. a IVU film at
20 min showed obstruction at
the level of lower right ureter
with moderate dilatation, but
failed to provide etiological
diagnosis. b Luminal narrowing
and wall thickening of the lower
portion of right ureter was clear-
ly demonstrated on axial CT
image (short arrow), and strand-
ing of surrounding fat tissue
denoted pelvic inflammation
(long arrows). MIP and VR

(¢, d, respectively) images
intuitively revealed the
segmental stenosis and the
dilatated ureter (arrows)

nearly 40% cases need further examination to determine the
causes of UUT disorders [3, 5]. Under this condition,
another more effective tool is needed to overcome the
pitfalls.

“IVU followed by CT” was defined as “IVU + CT” in
our study, that is, at the nearly end of IVU, patients with
suspected ureteral obstruction or UUT disease, who were
unable to have a conclusive diagnosis, are selected in time
to perform CT scan immediately or lingeringly via their
consent. Our study confirms that IVU + CT is a powerful
method in the evaluation of UUT abnormalities. In most
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cases, the results of our preliminary study demonstrate that
a wide variety of UUT abnormalities can be accurately
detected by IVU + CT. Consequently, the conclusive diag-
nosis can be obtained to a great extent, such as inflamma-
tory constriction, tumor, congenital disorder, compressed
stenosis, radiolucent calculi, tiny calculus, etc.. More
importantly, through the method we introduced, contrasted
CT scanning can be performed without extra CM, but we
can ultimately obtain the images of CTU via thin-slice or
3D reconstruction. In our group of 65 patients, the sensitiv-
ity and specificity were 97.6% and 91.3% for detecting
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Fig. 3 A 52-year-old woman
with upper ureteral carcinoma,
presented with hematuria and
right flank pain for about

3 weeks, and deteriorated for

3 days. aIVU film at 15 min
showed delayed opacification of
right kidney. b CPR image
demonstrated that an irregular
thickened wall (arrows) with
mild hydronephrosis was noted
at upper portion of right ureter

Table 2 Comparison of diagnostic capability between IVU and
IVU +CT

IVU (n = 195) IVU +CT (n = 65)

Stone versus Definite versus  Stone versus Definite versus

non-stone uncertain D non-stone uncertain D
TP 98 102 41 59
TN 26 22 21 3
FP 3 29 2
FN 68 42 1 3

D diagnosis, TP true positive, TN true negative, FP false positive, FN
false negative

stones (the figures consist with those in literature [3, 4]),
and 95.2 and 100% for conclusive diagnosis, respectively.
As a result, uncertain diagnoses raised on IVU related to
UUT disorders were readily resolved by the add-on CT,
saving the patient another visit, another injection of CM,
and a more rigorous and expensive examination. While the
IVU portion of the study still remains necessary to provide
functional information, and to select patients with uncertain
diagnosis for add-on CT. Under this condition, the combi-
nation of IVU and CT is more likely to reflect the efficacy
of 1 +1>2.

To date, multi-detector CTU has become a robust imag-
ing modality of choice for evaluation of the kidneys and
urinary tract, which was originally described as a triphasic
technique utilizing a single bolus of intravenous CM [8, 10,
11]. It usually includes unenhanced, nephrographic and
excretory phase. As multi-detector CTU has become more
widely available with high diagnostic value for urinary dis-
eases, especially in a lot of developed countries, some
experts even thought that CTU has begun to replace other
imaging techniques, particularly IVU [12]. However, CTU
has several inherent limitations in comparison with IVU,
such as higher radiation dosage, more cost, and dependency
on sophisticated equipment. If CTU was taken as a first

choice for evaluation of urinary system, it may result in
medical resource waste, patients’ heavy burden (more
money and more irradiation), as well as lack of aim.
Because a considerable proportional questions of urinary
system disorders would have been able to be solved by
other imaging modalities, especially IVU; considering our
study, for example, in 124 of 195 (63.6%) patients with
suspected UUT diseases, conclusive diagnoses could be
made via IVU alone. After all, urolithiasis occupies the
major portion of urinary system disorders. Accordingly,
CTU can be tailed towards the clinical question based on
the clinical information if traditional work-up remains neg-
ative [12], or when the initial workup is equivocal for both
ureteral obstruction and alternative causes or when urologic
interventions is believed necessary [13].

As to unenhanced CT scanning, besides the above disad-
vantages, there are such pitfalls as follows: hardness to dis-
tinguish the detailed anatomic structures due to lack of CM;
inability to give information on renal function. In addition,
plain CT has some limitations in detecting and diagnosing
UUT disease unrelated to stones. In contrast, IVU is a sim-
ple, classic and traditional tool, used as a universally
accepted technique. Therefore, IVU is still the standard and
first-choice examination to investigate the abnormalities of
urinary system in numerous institutes [5]; then, CT is
followed when necessary.

With regard to financial cost, the charge for unenhanced
helical CT for whole urinary system is, at least, approxi-
mately 1.5 times greater than that of IVU in most of the
hospitals of many regions, if using ionic CM. Otherwise,
the cost for contrasted CTU is about three times that of IVU
if non-ionic CM were used for both. In our institution, the
ionic CM is much cheaper and widely used in IVU with a
dosage of 50 ml (nearly equals to half dosage of non-ionic
CM in CTU). Hence, the charge for IVU equals to 1/5-1/6
of that for CTU, and the cost of IVU + CT is as much as
1/2-1/3 of CTU.
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Finally, the radiation dose must be importantly and
intensively considered. Nawfel et al. [6] thought that stan-
dard protocol for CTU led to higher mean effective dose,
approximately 1.5 times the radiation risk for IVU. Using a
mathematical computer model, Dillman et al. [8] had calcu-
lated that a single-bolus three-phase CTU examination at
their institution imparts an estimated effective dose between
20 and 30 mSv which is far more than the ICRP limit for
occupational exposure (20 mSv/year). Some scholars also
found that, for an average size male, their four-phase CTU
protocol resulted in an effective radiation dose of 25—
35 mSv which greatly exceeded the 5-10 mSv dose for the
10-12 film IVUs performed at the same institution [5].
More importantly, because many patients with stones expe-
rience repeat stone formation, they may undergo CT exam-
inations several times in the course of young adulthood.
Consequently, a selective use of CT would reduce overall
population exposure dose, particularly beneficial to young
patients. In our study, only 4-5 films of IVU were per-
formed, then underwent one CT scan. Therefore, the esti-
mation of IVU + CT for radiation dose was only 1/5-1/3 of
CTU. Based on the considerations of exposure, the pros and
cons of CTU will alert the physicians not to proceed abu-
sively with contrasted CTU, which also leads ESUR (Euro-
pean Society of Urogenital Radiology) to attempt to reach
consensus of guidelines for the clinical application of CTU.
As a consequence, true evidence-based guidelines could not
be formulated, but most experts were in favor of the indica-
tions that CTU may be used as a problem-solving examina-
tion except as a first-line test for patients with macroscopic
hematuria, at high risk for urothelial cancer [12].

We admitted the following factors that may limit the
application of IVU + CT. The add-on CT may: (1) save
patients’ time, radiation dose, and cost, but obviously
increase radiologists’ workload. However, it is worthwhile
to accept the increased load as long as IVU + CT provides
radiologists with more qualitative diagnoses; (2) need close
cooperations from different departments of a hospital. How-
ever, in many institutes, there are by no means such ques-
tions like the above. Actually, IVU + CT usually decreases
much workload as a whole for both clinicians and radiolo-
gists because it can be performed quickly, at controlled
cost, is highly accurate, and is convenient for patients,
referring physicians, and the examining department [9]. At
most hospitals in Asia as we know, rooms of both IVU and
CT often share the same building, even the same floor. In
our institute, rooms for patients’ examinations are sepa-
rated, but doctors share the same room for operation.

In general, based on the factors as convenience, cost,
safety, it is practical and feasible to combine the advantages
of both IVU and CT. Our initial experience confirmed that
the add-on CT is a favorable alternative, effectively
strengthening the weakness of IVU because of such factors
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as accurate stone detection, the ability to detect abnormali-
ties unrelated to calculus disease, short examination time,
less radiation dose, and generally more convenience in
appropriate situations. This was so-called “a little cost we
pay, a lot value we gain”. In this situation, we suggest CTU
should be reasonably considered as an alternative and ques-
tion-solving tool in comparison with IVU + CT.

The main pitfall of this study was that there was no
direct comparison between IVU + CT and CTU in a large
sample of patients. Actually, it is unfeasible to perform the
comparison in the same population largely due to the con-
sideration of the irradiation dose. But possibly, an indirect
comparison in different samples may be worthy of a further
study.

Conclusions

The method of IVU + CT, although a little more cost com-
pared with single IVU, provides much more valuable diag-
nostic information for precisely determining the
localization and nature of UUT abnormalities. In our appre-
hension, it is recommended as a powerful and cost-effective
complemental diagnostic means for IVU or CTU. In the
future, it will be worthwhile to continue ongoing IVU + CT
research related to maximally detection rate of UUT abnor-
malities, as well as to develop ways to spread the method.

Conlflict of interest statement None declared.
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