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Ultrasonography and abdominal radiography versus
intravenous urography in investigation of urinary tract
infection in men: prospective incident cohort study

S J Andrews, P T Brooks, D C Hanbury, C M King, C M Prendergast, G B Boustead, T A McNicholas

Abstract

Objectives To compare ultrasonography and
abdominal radiography with intravenous urography
in the investigation of urinary tract infection in men.
Design Prospective study in two hospital
departments. Radiological procedures and urological
assessments performed on different days by different
clinicians

Setting District general hospital.

Participants Consecutive series of men (n=114)
referred to the department of urology for
investigation of proved urinary tract infection.
Interventions Ultrasonography and intravenous
urography of renal tract and assessment of urinary
flow rate. Clinical assessment, cystoscopy, urodynamic
studies, and transrectal ultrasonography with biopsy.
Main outcome measures Sensitivity and specificity of
ultrasonography and abdominal radiography
compared with intravenous urography.

Results Important abnormalities were seen in 53 of
100 fully evaluated patients, the most common being
a poorly emptying bladder (34). The combination of
plain radiographs of kidneys, ureter, and bladder and
ultrasonography detected more abnormalities than
intravenous urography alone. No important
abnormality was missed by this combination
(sensitivity 100% and specificity 93%).

Conclusions Ultrasonography with abdominal
radiography is as accurate as intravenous urography
in detecting important urological abnormalities in
men presenting with urinary tract infection. This
combination is safer than intravenous urography and
should be the initial investigation for such patients.
Additional determination of urinary flow rate is useful
for the assessment of an incompletely emptying
bladder.

Introduction

Ultrasonography, with or without plain abdominal
radiography, has now largely replaced intravenous
urography for the investigation of urinary tract
infection in women and children."" Because men have
amuch lower incidence of urinary tract infection and a
higher incidence of stone disease, intravenous urogra-
phy remains the conventional investigation because
underlying  anatomical ~abnormalities may be
detected.” " Intravenous urography involves the use of
ionising radiation and contrast media, the health risks
of which are well documented with quantifiable
morbidity and mortality." ¥ Ultrasonography is
cheaper and quicker than intravenous urography but
depends more on the skill of the operator.’

We carried out a prospective study to establish
whether abdominal radiography with ultrasonography
can detect as many important abnormalities as

intravenous urography in men presenting with proved
urinary tract infection.

Methods

From January 1995 to December 1996 we investigated
114 men who presented consecutively to the
departments of urology and nephrology with proved
urinary tract infection. Complete data were obtained
on 100 patients. Ultrasonography and intravenous
urography were performed on separate days and by
different radiologists. The results of the first investiga-
tion, usually intravenous urography, were not known at
the time of the second investigation.

For each patient we compared the results of
ultrasonography alone, ultrasonography with plain
radiography, and intravenous urography. We divided
the urinary tract into the upper tract (defined as the
kidneys and ureters) and the lower tract (bladder, pros-
tate, and urethra). After the radiological assessments
we saw and examined patients in the department of
urology. Subsequent investigations included additional
measurements of flow rates, cystoscopy, urodynamic
assessment, and transrectal ultrasonography, when
appropriate. Clinical diagnosis was on the basis of his-
tory, examination, and these investigations.

Results

The mean (range) age of participants was 54 (18-88)
years. Fifty three had had only one single infection, and
47 had more than one documented episode. We
assessed 62 men with cystoscopy and four with full
urodynamic investigation. We assessed flow rates in 90.
Nine patients underwent transrectal ultrasonography.
Of these, three underwent biopsy, and two were found
to have prostate cancer. Table 1 summarises the results
and compares the two radiological techniques. Fifty
three patients had a detectable abnormality considered
to be clinically significant. All important abnormalities
detected by intravenous urography were also detected
by ultrasonography or abdominal radiography.
Ultrasonography detected hydronephrosis in eight
patients. In one case intravenous urography showed
that the collecting system was within normal limits.
Ultrasonography alone missed five out of six cases of
urinary tract stones, but all were detected with the
addition of plain radiography. In two cases ultrasonog-
raphy misdiagnosed stones that were not detected by
plain radiography or intravenous urography. In one
case plain radiography misdiagnosed a stone not seen
on intravenous urography. Although ultrasonography
missed a bladder stone, this patient had been catheter-
ised and the bladder was therefore empty. Three small,
scarred kidneys were found by both methods. In one
man ultrasonography misdiagnosed one kidney as
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Table 2 Ability of ultrasonography and abdominal radiography
(x ray) to detect abnormalities seen on intravenous urography
(sensitivity 100%, specificity 93%, positive predictive value 0.95,
negative predictive value 1.0, accuracy 97%)

Ultrasonography with Intravenous urography

radiography Positive Negative
Positive 56 3
Negative 0 41

Table 1 Findings in 100 adult men with proved urinary tract
infection, according to method of investigation

Ultrasonography and Intravenous

X ray urography

Upper tract:

Hydronephrosis 8 7

Kidney stone 3 3

Ureteric stone 2 2

Small/scarred kidney 4 3

Pelvic kidney 1 1

Ureteric dilatation 0 3
Lower tract:

Residual urine 34 26

Diverticulum 6 7

Bladder stone 1 1

small and scarred that was subsequently shown to be
normal on intravenous urography.

Both methods identified a pelvic kidney. Ultra-
sonography failed to detect ureteric dilatation in three
men. Two of these, however, had dilatation secondary to
ureteric stones that were seen on the plain radiograph,
the other had associated hydronephrosis secondary to
chronic retention that was seen on ultrasonography.
Intravenous urography identified two patients with non-
functioning kidneys. Ultrasonography showed that these
kidneys were small and scarred.

Ultrasonography detected a poorly emptying
bladder in 34 patients compared with 26 detected with
intravenous urography. Ultrasonography alone missed
one bladder diverticulum. Table 2 shows the ability of
abdominal radiography and ultrasonography to detect
abnormalities seen on intravenous urography.

Discussion

We have shown in this series that plain radiography
with ultrasonography of the renal tract will detect most
clinically important abnormalities that would normally
be shown on intravenous urography. Patients with
urinary tract infection are investigated to discover any
underlying disease process which, if treated, will
prevent or reduce further infections. In our study over
half of the men with proved urinary tract infection had
some abnormality.

The incompletely emptying bladder

The most common abnormality was an incompletely
emptying bladder, either because of obstructed
outflow, an underactive detrusor, or urethral stricture.
Four out of seven patients with an underactive detrusor
were diagnosed with formal urodynamic assessment.
Patients with obstructed outflow were diagnosed either
with urodynamics or clinically in the presence of a low
urinary flow together with an incompletely emptying
bladder in accordance with standard urological
practice. The proportion of patients with obstruction
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was significantly higher in men aged over 50 years,
which is predictable in view of the high prevalence of
benign prostatic hypertrophy.

The high proportion of patients who produced sat-
isfactory measurements of flow rate was mainly due to
the presence of a flow rate machine in the radiology
department so that patients were confirmed to have a
full bladder before micturition. The usefulness of such
measurements in this group of patients has previously
been emphasised by other authors,” ' but this has not
been widely adopted. Our series indicates that for
patients with a poorly emptying bladder a clinical diag-
nosis can usually be made with ultrasonography and
flow rate; formal urodynamic studies are necessary in
only a minority. Flow rate measurements are also help-
ful in the diagnosis and management of prostatitis."
Ultrasonography has specific advantages over intra-
venous urography in the assessment of the lower
urinary tract, including a measure of volume after mic-
turition and size and projection of the prostate. Urolo-
gists use these features in recommending different
treatments for obstruction of bladder outflow.

Stones

Ultrasonography alone is not as effective as intra-
venous urography in the diagnosis of urinary tract
stone disease, and indeed in our series five of the six
cases of urinary tract stones were missed on
ultrasonography alone. With the addition of plain
radiography all the wurinary tract stones were
diagnosed, although without the additional infor-
mation of precise site and degree of obstruction that
intravenous urography would have shown.

If a proteus or another organism that can split urea
is isolated from the urine the chance of underlying stone
disease is considerably higher." Ultrasonography can
detect stones at the vesicoureteric junction but cannot
easily show the normal ureter or ureteric calculi in other
positions; it can, however, show any secondary dilatation
of the pelvicaliceal system. An intravenous urogram is
superior in these circumstances and would therefore be
the next investigation.

Upper tract dilatation and scarring

Ultrasonography misdiagnosed hydronephrosis in one
patient. Dilatation, however, does not equate with
obstruction, and it was only with the additional
anatomical and functional information from intra-
venous urography that we could say that this patient’s
collecting system was normal. Ultrasonography
wrongly diagnosed a small kidney that was subse-

Man with urinary tract infection |

Ultrasonography with abdominal radiography and flow rate |
1

No abnormality Abnormal | Abnormal lower |

detected upper tract urinary tract

No further Proceed to Further investigations
imaging intravenous

(for example, cystoscopy,

urography urodynamics, or
transrectal
ultrasonography)

Proposed algorithm for investigations of men with urinary tract
infection
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quently shown to be normal on intravenous urogra-
phy. In the two patients in whom a unilateral
non-functioning kidney was seen on intravenous urog-
raphy, ultrasonography also showed the kidneys to be
small and scarred.

Safety

Previous authors have highlighted the added safety of
ultrasonography compared with intravenous urogra-
phy,” * and certainly there is a saving in cost and time.
Figures from the National Radiation Protection Board
show that the radiation dose of an intravenous
urographic examination is 2.5 mSy. This is equivalent
to 14 months’ background radiation and comes at a
risk of induction of fatal cancer (in patients aged 16-69
with an average life expectancy) of 1:8000. The
radiation dose of a normal plain radiograph is 0.7 mSv,
which is equivalent to four months’ background radia-
tion and a risk of cancer of 1:30 000.

Incidental findings and symptoms

The importance and usefulness of incidental findings
varies according to clinical presentation. In patients
with right flank pain an ultrasound examination that
shows gallstones may be helpful. Uncomplicated
duplex collecting systems without dilatation were
judged to be unimportant; if obstruction is present
ultrasonography wusually shows dilatation. Spinal
abnormalities such as sacral agenesis may be
important in younger patients with a suspected neuro-
pathic bladder.

In 1990 Spencer et al compared use of ultrasonogra-
phy with intravenous urography in men and women.”
They showed the usefulness of ultrasonography and
said that without the additional use of plain radiography
a considerable number of abnormalities would be
missed. They also found a high proportion of patients
with incompletely emptying bladders, but the causes
were not clear. This observation and our data should
encourage the use of flow rate machines for patients
presenting with urinary tract infection.

‘We propose the algorithm outlined in the figure for
men with a proved urinary tract infection and agree
that the high proportion of underlying abnormalities
justifies active investigation in these patients.* ™
Specialist referral is not indicated in younger men with
normal results on ultrasonography and plain radio-
graphy who recover from the infection and regain
normal flow.

Conclusions

Intravenous urography remains an important investi-
gation, particularly in the assessment of stone disease,
upper tract obstruction, and any abnormalities seen on
plain film and ultrasonography. In view of the hazards
of ionising radiation and contrast media, however,
ultrasonography, radiography, and determination of
flow rate should be the initial investigations of choice in
men presenting with a symptomatic and proved
urinary tract infection.
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What is already known on this topic

Ultrasonography alone is the primary
investigation of choice for urinary tract infection
in children and women

Ultrasonography has limited sensitivity for renal
stones and poor sensitivity for ureteric stones

Urinary infection is less common in men than
women and the risk factors are different

What this study adds

Ultrasonography is as effective as intravenous
urography in men with urinary tract infection only
when it is combined with plain radiography

In men aged over 50 an incompletely emptying
bladder is the most common abnormality

In such patients determination of urinary flow rate
is particularly helpful
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