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Abstract
Background: An intravenous urogram (IVU) has traditionally been considered mandatory before
treating renal and ureteric stones by extracorporeal shock wave lithotripsy (ESWL). This study was
designed to see whether there is a difference in complications and the need for ancillary procedures
in patients managed by ESWL for renal and ureteric calculi, according to preoperative imaging
technique.

Methods: This retrospective study compared 133 patients undergoing ESWL from January 2001
to July 2002. Patients were divided into three groups according to the preoperative imaging
technique used: i) IVU; ii) non-contrast enhanced helical computed tomography (UHCT); and iii)
ultrasound (US) + X-ray kidney, ureter and bladder (KUB). The groups were matched in terms of
age and gender, as well as location, side and size of stones.

Results: There was no statistically significantly difference for number of ESWL sessions, number
of shock waves and use of ancillary procedures between the three groups. The stone-free rate was
98% for the IVU and UHCT groups, and 97% for the US + X-ray KUB group.

Conclusions: The complication rate and need for ancillary procedures was comparable across the
three groups. Patients imaged by UHCT or US + X-ray KUB prior to ESWL for uncomplicated
renal and ureteric stones do not require IVU.

Background
Since the introduction of extracorporeal shock wave
lithotripsy (ESWL) in the early 1980s, intravenous (excre-
tory) urograms (IVU) have been used to plan treatment
for patients with renal and ureteric stones. Intravenous
urograms are beneficial for displaying calyceal anatomy
and its relationship to stone burden [1]. In recent years,
newer modalities for imaging the urinary tract have been
introduced, such as contrast computed tomography (CT
urogram), non-contrast enhanced helical CT (UHCT),

magnetic resonance urography and real-time ultrasonog-
raphy (US), particularly power Doppler US [2]. Intrave-
nous urography is no longer the primary modality for the
initial evaluation of ureteric colic, uroseptic fever, haema-
turia and obstructive uropathy, which are commonly
associated with renal and ureteric stones [3]. Intravenous
urograms have also been replaced by UHCT and US + X-
ray kidney, ureter and bladder (KUB) in the radiological
evaluation of suspected reno-ureteric colic presenting to
the emergency room. Approximately 10 million urograms
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were obtained in the USA in 1975. Just two decades later,
the number of IVUs performed dropped to under 0.6 mil-
lion per year [4].

Many recent studies have confirmed that UHCT has high
sensitivity and specificity in the evaluation of acute flank
pain [5,6]. Ultrasonography with X-ray KUB is not as sen-
sitive as UHCT; however, it has the advantages of lower
radiation dose and easy availability, and it avoids the haz-
ards of a contrast agent [7].

Non-contrast enhanced helical CT is quicker to perform
and has fewer contraindications, although it brings a
potentially higher radiation dosage to the patient [7]. A
combination of X-ray KUB and US exposes patients to the
least radiation of these three modalities commonly used
in the evaluation of suspected renal and ureteric stones.

It is clear from a review of current literature that the diag-
nostic accuracy of UHCT is superior to IVU in patients pre-
senting with acute flank pain [3-6]. What is not so clear is
whether UHCT or US + X-ray KUB alone could be used to
plan ESWL for moderate-sized renal and ureteric stones.
This study was designed to see if there is difference in the
need for ancillary procedures, stone-free rate and compli-
cations in patients managed by in situ ESWL for renal and
ureteric calculi among patients preoperatively imaged by
either IVU, UHCT or US + X-ray KUB.

Methods
This study compared patients undergoing ESWL from Jan-
uary 2001 to July 2002; data was collected retrospectively.
Patients were divided into three groups based upon the
modality used to image the urinary tract preoperatively,
that is, IVU, US + X-ray KUB or UHCT.

One hundred and thirty-three patients were included in
the study; 50 in each of the IVU and UHCT groups, and 33
in the US + X-ray KUB group. Thirty-two women and 101
men participated and their mean age was 38.3 ± 12 years.
One-third had family history of stone disease and 32%
were recurrent stone formers. Fifty-five percent of the
stones were on the left side of the body. The three groups
were matched for age and gender, as well as location, side
and size of stones (Table 1). Patients with ureteric stric-
ture, a history of open surgery, residual fragments post-
percutaneous surgery, malrotated kidney and ureteropel-
vic junction (UPJ) obstruction were excluded from the
study.

The outcome variables used were number of shock waves,
sessions of ESWL, need for ancillary procedures, stone-
free rate, efficiency quotient (EQ) [8] and complications.
Demographic data was collected from the patient charts

and the data was analyzed through the Statistical Package
for Social Sciences (SPSS) version 10 software.

All patients were treated on a second-generation, Dornier
MPL 9000™ echo-guided lithotripter. Patients were treated
by one of two ESWL residents under the supervision of the
admitting staff member. The decision about the number
of shock waves and energy setting to be used was made by
the residents. Treatment was started at 14 Kv and gradu-
ally increased to 20 Kv based on patient tolerance; all
treatments were done under sedoanalgesia. Therapy was
terminated at 100% electrode consumption or earlier if
the patient could not tolerate it or if complete fragmenta-
tion was noted on continuous real-time sonography. Post-
treatment evaluation was made by a radiologist through
plain X-ray and/or ultrasound; evaluations were reviewed
by the admitting urologist and a decision regarding fur-
ther treatment made. Patients were declared stone free if
there was no radiological evidence of a stone at three
months.

Results
Our results indicate that there is no difference in the need
for ancillary procedure, stone-free rate and complications
in the various groups.

The mean number of ESWL sessions required was 1.7 and
mean shock waves were 2854; the difference between the
three groups was not significant (P = 0.15 and 0.25,
respectively). Only three (2.3%) patients required ancil-
lary procedures. Two patients needed placement of a

Table 1: Comparison of demographic and stone-related factors in 
the three study groups

IVU 
(N)

UHCT 
(N)

US + X-Ray 
KUB (N)

P value

Age 38.2 37.9 39.9 0.9
Gender: men/
women

40/10 35/15 26/7 0.46

Location of stone:
Upper pole 9 8 5
Lower pole 5 11 6
UPJ 11 8 11 0.86
Ureter 25 23 11

Single stone (%) 37 38 24 0.94
Size of stone 
(mean) (mm)

11 9 11 0.13

Stone size:
< 10 mm 32 42 24 0.65
11–20 mm 14 7 7 0.87
> 20 mm 4 1 2 0.63

KUB = kidney, ureter and bladder; UHCT = non-contrast enhanced 
helical computed tomography; UPJ = ureteropelvic junction; US = 
ultrasound; IVU = intravenous urogram.
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percutaneous nephrostomy (PCN) catheter and one
required ureteroscopy. Both patients needing PCN place-
ment developed significant steinstrasse in a single func-
tioning kidney. None of the patients required ancillary
procedures for the primary stone.

The stone-free rate was 98% each for the IVU and UHCT
groups, and 97% for the US + X-ray KUB group. The EQ
was calculated as 60, 70 and 59 for the IVU, UHCT and US
+ X-ray KUB groups, respectively.

Overall 11% of patients had significant complications. Six
patients in the IVU group and two in the US + X-ray KUB
group developed steinstrasse, although the difference was
not statistically significant (P = 0.43). Similarly, five
patients – one in each of the IVU and US + X-ray KUB
groups, and three in the UHCT group – developed colic,
and required admission (Figure 1). Two patients devel-
oped a post-treatment urinary tract infection.

Discussion
Acute flank pain is the most common urological presenta-
tion in the emergency room. The diagnostic workup
requires comprehensive history-taking, physical examina-
tion and radiological investigation. Although the present
day urologist's armamentarium is replete with investiga-
tive tools, the ideal initial radiological workup remains
controversial [9].

Urinary tract imaging is required prior to ESWL to identify
the cause and degree of obstruction. Obstruction most
commonly is due to stones, but may have many other
aetiologies. Urinary tract imaging can also determine the
site and size of the stone and delineate the intracalyceal
anatomy. Intravenous urogram has been the standard
imaging modality in uroradiology since the 1930s [10]. It
is able to demonstrate the anatomy of the entire urinary
tract, it localizes the site and level of obstruction, and pro-
vides a gross assessment of excretory renal function. Some
of its potential drawbacks, however, are its associated
contrast reaction, inability to identify radiolucent calculi,
contraindications to use in renal failure and, often it takes
long time for acquiring delayed films in cases of
obstruction.

In recent years, UHCT has proved to be an accurate radio-
graphic modality [5]. The potential benefit of UHCT is its
use in patients with contrast allergies, pre-existing renal
failure and unclear clinical diagnosis mimicking renal
colic. Unenhanced helical CT has proven to be an accu-
rate, safe and rapid examination for diagnosing and treat-
ing patients presenting with acute flank pain. Helical CT
can be used in place of IVU to plan treatment of patients
with flank pain caused by obstructing ureteral stones.
Stones that are larger than 5 mm, located within the prox-
imal two-thirds of the ureter and seen on two or more
consecutive CT images are more likely to require endo-
scopic removal, lithotripsy, or both. Computed tomogra-
phy is adequate for both diagnosis and treatment. Besides
stone visualization, UHCT detects obstructions by several
indirect signs, such as pyelo-ureteral dilatation, perine-
phric and periureteral stranding, renal enlargement, renal
sinus fat blurring and rim sign [11-13], which are useful
when a stone is not readily identifiable. The superiority of
UHCT compared with IVU in terms of sensitivity and spe-
cificity has been confirmed in a number of recent clinical
trials [4-6].

Identification of concomitant anatomical abnormalities
and coexisting urinary (acute pyelonephritis, subcapsular
renal haematoma) and non-urinary abnormalities is
important for making therapeutic decisions [14]. Using a
functional study (IVU, magnetic resonance, CT urography
and radioisotope studies) ensures that UPJ obstruction
cannot be missed. Non-calculus ureteric obstruction can
be identified on UHCT by indirect signs such as ureteric
dilatation and peri-ureteric stranding, and on US by
hydroureter. The findings of this study indicate that, in a
selected group of patients, contrast study prior to treating
≤ 20 mm renal and ureteric stones by ESWL is not
necessary.

Difference in the complication rate in various groupsFigure 1
Difference in the complication rate in various groups. KUB = 
kidney, ureter and bladder; UHCT = non-contrast enhanced 
helical computed tomography; US = ultrasound; UTI = uri-
nary tract infection; IVU = intravenous urogram.
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Conclusions
For small to moderate-sized renal or ureteric stones (up to
20 mm), the need for ancillary procedures following
ESWL depends upon the patency of the distal tract; it does
not differ according to preoperative image techniques of
either US + X-ray KUB, UHCT or IVU. Therefore, we feel
that patients who are imaged by either US + X-ray KUB or
UHCT do not require IVU for planning ESWL. However, a
prospective trial in which patients undergoing ESWL are
imaged by both UHCT and IVU will provide more conclu-
sive results.
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