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Comparison of Non–contrast-Enhanced Computed Tomography 
and Intravenous Pyelogram for Detection of Patients With Urinary 
Calculi
Go San Lim, Seok Heun Jang, Jeong Hwan Son, Jae Won Lee, Jae Seung Hwang, Chae Hong Lim, 
Dae Ji Kim, Dae Sung Cho
Department of Urology, Bundang Jesaeng Hospital, Seongnam, Korea

Purpose: The aim of this study was to investigate the changing pattern in the use of 
intravenous pyelogram (IVP), conventional computed tomography (CT), and non–con-
trast-enhanced computed tomography (NECT) for evaluation of patients with acute 
flank pain.
Materials and Methods: We retrospectively reviewed the medical records of 2,180 pa-
tients with acute flank pain who had visited Bundang Jesaeng General Hospital be-
tween January 2008 and December 2012 and analyzed the use of IVP, conventional 
CT, and NECT for these patients.
Results: During the study period there was a significant increase in NECT use (p＜0.001) 
and a significant decrease in IVP use (p＜0.001). Conventional CT use was also increased 
significantly (p=0.001). During this time the proportion of patients with acute flank pain 
who were diagnosed with urinary calculi did not change significantly (p=0.971).
Conclusions: There was a great shift in the use of imaging study from IVP to NECT 
between 2008 and 2012 for patients with acute flank pain.
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INTRODUCTION

Acute flank pain is a common reason for patients to visit 
a urology clinic or emergency department and the intra-
venous pyelogram (IVP) has long been the imaging modal-
ity of choice in these patients. In evaluating flank pain, it 
is important to consider the accuracy, cost-effectiveness, 
safety, availability, and adaptability of the diagnostic 
modality. IVP has several advantages, including estima-
tion of physiologic function, estimation of degree of ob-
struction, and detection of anatomical abnormalities of the 
urinary tract. However, IVP has some limitations, includ-
ing difficulty in radiolucent calculi identification; con-
trast-related adverse reactions, such as nausea, vomiting, 
and anaphylaxis; and often a long and tedious study time 
to find the exact size and location of the calculi.

The application of non–contrast-enhanced computed to-

mography (NECT) for the evaluation of acute flank pain al-
lows a rapid and accurate evaluation of the calculi in the 
urinary tract. After the pioneering prospective study on the 
role of NECT in the evaluation of acute flank pain by Smith 
et al. [1] in 1995, several studies reported that NECT is a 
safe, rapid, and highly sensitive imaging modality for eval-
uating acute flank pain compared with IVP or ultra-
sonography [2,3]. Its sensitivity was reported to be more 
than 95% and its specificity 98% [1-4]. In this study, we in-
vestigated the use of IVP, conventional computed tomog-
raphy (CT), and NECT for evaluation of acute flank pain.

MATERIALS AND METHODS

We retrospectively reviewed the medical records and ra-
diologic study results of 2,243 patients with acute flank 
pain who visited the Urology Clinic or Emergency 
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TABLE 2. Baseline characteristics of urinary calculi during study 
period

IVP Conventional CT NECT

Proximal ureter
Mid ureter
Distal ureter
Mean size (mm), mean±SD

23.1%
32.3%
44.6%

6.2±4.1

25.1%
21.8%
53.1%

5.7±2.8

29.3%
35.9%
34.8%

4.21±3.2

IVP, intravenous pyelogram; CT, computed tomography; NECT, 
non–contrast-enhanced computed tomography; SD, standard 
deviation.

TABLE 1. Patients diagnosed with ureter stone during study 
period

Year Ureter stone diagnosis (%)

2008
2009
2010
2011
2012

177 (46.6)
198 (48.4)
194 (46.5)
203 (47.0)
257 (47.4)

p for trend=0.971.

TABLE 3. Other cause for acute flank pain

No. of patients

Acute pyelonephritis
Chronic pyelonephritis
Appendicitis
Duplex ureter
Gynecological tumor
Pelvic inflammatory disease
Pancreatitis

21
12
  9
  7
  5
  3
  1

FIG. 1. Trend change in imaging use for patients with acute flank 
pain. Diamond curve indicates intravenous pyelogram (IVP). 
Squares indicate non–contrast-enhanced computed tomography 
(NECT). Triangles indicate conventional computed tomography 
(CT). Multiplication sign indicates radiologic diagnosis (Dx).

Department at Bundang Jesaeng General Hospital be-
tween January 2008 and December 2012. Of this group, 63 
patients were excluded from the study owing to the absence 
of radiologic study and 2,180 patients were enrolled. A cal-
culus was confirmed by spontaneous passage of the stone 
observed by the patients, surgical removal, or dis-
appearance of the stone after extracorporeal shock wave 
lithotripsy.

IVP was taken in a standard fashion with 100 mL of non-
ionic contrast material. NECT was carried out by using a 
Brilliance 16 machine (Philips, Eindhoven, The Nether-
lands). The anatomic region between the upper margin of 
the T12 vertebrae and symphysis was scanned during a 
double-breath hold. Patients had a full bladder at the time 
of scanning. Scans were taken with 3-mm collimation on 
a pitch of 1.5. No oral or intravenous contrast medium was 
used.

All statistical analyses were performed by using SPSS 
ver. 13.0 (SPSS Inc., Chicago, IL, USA). To analyze wheth-
er there was a change in the proportion of patients who un-
derwent imaging study during the study period, we per-
formed a test of trend using logistic regression analysis and 

used the chi-square test to determine the difference be-
tween proportions. Values of p＜0.05 were considered to be 
statistically significant in all of the analyses.

RESULTS

The mean age of the patients was 45.10±14.1 years, and 
1,458 patients (66.9%) were men. Of the 380 patient visits 
evaluated in 2008, NECT was performed in 2 patients 
(0.5%). In 2012, a total of 542 visits were evaluated and 361 
patients (66.6%) underwent NECT (Fig. 1). Among pa-
tients in whom radiologic study was performed for acute 
flank pain, 46.6% were diagnosed with a ureter stone in 
2008 and 47.4% were diagnosed in 2012. The proportion of 
patients diagnosed with a ureter stone did not change sig-
nificantly during the study period (p=0.971) (Table 1). The 
baseline characteristics of the urinary calculi are summar-
ized in Table 2. Other causes for acute flank pain were acute 
pyelonephritis, chronic pyelonephritis, appendicitis, gy-
necological tumor, pelvic inflammatory disease, and pan-
creatitis (Table 3).

NECT use increased significantly during the study (p
＜0.001), whereas there was a significant decrease in IVP 
use: 93.7% of patients underwent IVP in 2008 vs. 21.4% in 
2012 (p＜0.001). In addition, there was a significant rise 
in conventional CT use: 5.8% of patients underwent con-
ventional CT in 2008 vs. 12.0% in 2012 (p=0.001).

The cost, study time, and radiation exposure of IVP, con-
ventional CT, and NECT are illustrated in Table 4. 
Whereas NECT showed a short study time, IVP indicated 
a lower radiation dose and better cost-effectiveness. IVP 
showed 81% sensitivity and 89% specificity. NECT had 
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TABLE 4. Comparison of cost, study time and radiation exposure among imaging modalities

IVP Conventional CT NECT

Cost (KRW)
Study time
Radiation exposure (mSv)

69,558
Several hours
0.4 in each film

194,510
About 15 minutes
About 10

97,692
About 5 minutes
About 3

IVP, intravenous pyelogram; CT, computed tomography; NECT, non–contrast-enhanced computed tomography; KRW, Korean won; 
mSv, millisievert.

96% sensitivity and 99% specificity. In case of conventional 
CT, its sensitivity and specificity were 98% and 100%, 
respectively.

DISCUSSION

Our study showed that there was a significant increase in 
the use of NECT in patients with acute flank pain between 
2008 and 2012. Several studies have also demonstrated an 
increasing use of CT for evaluation of acute flank pain [5,6]. 
In the past few years, NECT has been introduced for evalu-
ating flank pain and it has proved to be an effective modal-
ity for the diagnosis of urinary calculi [7,8]. The reported 
sensitivity of NECT in evaluating patients with suspected 
urinary calculi was 97% to 98%, and its specificity was 96% 
to 100% [7-9]. NECT showed higher sensitivity and specif-
icity than did IVP in this respect, because all urinary tract 
calculi could be identified by NECT. In addition, NECT 
could evaluate the severity of the urinary tract obstruction 
as well [10]. 

In this study, we investigated the use of alternative 
imaging modalities such as conventional CT or IVP and 
demonstrated that conventional CT use increased and IVP 
use decreased significantly during the study period. For 
each year between 2008 and 2012, fewer IVP procedures 
were ordered for patients with acute flank pain than were 
ordered the previous year. Although the number of conven-
tional CT procedures increased significantly, we thought 
that this was meaningless because conventional CT was 
performed in only approximately 6% of cases in 2008 and 
12% in 2012. In addition, the number of conventional CT 
procedures did not change that much after 2010.

NECT is a useful modality for several reasons. 
Compared with IVP, NECT has simple accessibility, rapid 
image acquisition time, advanced image quality, and no re-
quirement for contrast material. Disuse of contrast materi-
al avoids the risk of contrast-induced adverse reactions, 
which occur in 1% to 10% of patients who undergo IVP [11]. 
The use of NECT may eliminate the costs of the contrast 
material. Furthermore, NECT is preferable to IVP in pa-
tients with acute flank pain associated with preexisting re-
nal insufficiency because those patients have contra-
indications for IVP owing to the potential nephrotoxicity 
of the contrast material.

The accuracy of IVP is assumed to be high in diagnosing 
ureteral obstruction, but the exact accuracy is not known. 
Smith et al. [1] reported that urinary calculi as the cause 

of the obstruction might be undiagnosable with IVP in up 
to 58% of patients who had urographic findings of unilat-
eral ureteral obstruction owing to small stone size, lack of 
ureteral opacification, or stone radiolucency. Moreover, ex-
traurinary tract causes of acute flank pain usually could 
not be diagnosed with IVP. However, our study did not 
show a significant change in stone diagnosis, which re-
mained stable at about 50%, despite the increasing NECT 
use and decreasing IVP use during the study. This result 
suggests that the increase in NECT use was not directly re-
lated with an increase in diagnosis of urinary calculi.

Potential disadvantages of NECT are cost and radiation 
exposure. Although financial charges vary among in-
stitutions, many institutions are charging less for CT scans 
performed without any contrast, and NECT is compatible 
compared with IVP. The actual charge for NECT in our in-
stitution is quoted to be 40% higher than the charge for IVP, 
but we believe that the higher price of NECT is offset by 
its increased accuracy, short study time, and usefulness in 
assessing extraurinary causes. Remer et al. [12] compared 
helical CT with combined plain radiography and ultra-
sonography in patients after extracorporeal shock wave 
lithotripsy. Their average time for CT scan was 15.3 mi-
nutes, compared with 37.2 minutes for combined plain ra-
diographs and sonography. Their direct technical cost for 
helical CT was $36.86, compared with $57.60 for combined 
plain radiography and ultrasonography, as calculated by 
a cost-accounting system (Transition Systems, Boston, 
MA, USA). Those authors contended that the cost of CT 
equipment was four times as high as that for equipment for 
IVP, but the room time for CT was one-third that of IVP.

There is a concern of increased cancer risk resulting from 
the radiation exposure associated with medical imaging 
and CT [13,14]. Patients with urinary calculi are at in-
creased risk for excessive radiation exposure owing to the 
recurrent nature of the disease and the resultant repetition 
of radiographic examinations [15,16]. Ferrandino et al. 
[17] reported that up to 20% of patients with renal stones 
exceeded the yearly dose safety limits for occupational 
exposure. As a result, low-dose CT protocols, which de-
crease the radiation exposure of the patients, have been 
developed.

Our study had several limitations. It was retrospective 
in nature and the size of the study population was smaller 
than a recently reported multicenter study because we col-
lected our single-center experience with the disease. In ad-
dition, the data did not include information on treatment 
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or clinical outcomes, which is helpful for understanding 
how diagnostic and treatment patterns might be related, 
and the follow-up period might not have been long enough. 
Also, the patients in this study underwent IVP, conven-
tional CT, or NECT. A further study might be needed to in-
vestigate a sample in which all patients undergo both 
NECT and IVP studies to determine the accuracy of IVP 
in this population.

CONCLUSIONS

There was a significant increase in NECT use for the evalu-
ation of acute flank pain between 2008 and 2012. The sensi-
tivity of IVP, conventional CT, and NECT was 81%, 98%, 
and 96%, respectively. In addition, the specificity was 89%, 
99%, and 100%, respectively. These results indicate that 
NECT is considered a good imaging modality for the evalu-
ation of acute flank pain, although there was no significant 
change in the stone diagnosis proportion during the study 
duration. In addition, NECT can evaluate patients with an 
elevated creatinine level, adverse reactions to contrast ma-
terial, and preexisting renal insufficiency. Therefore, 
NECT can be the evaluation of choice for detection of pa-
tients with urinary calculi. IVP can be used as a substitute 
for NECT when patients need several reexaminations be-
cause of its low radiation exposure compared with NECT.
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