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Ultrasonography compared with intravenous urography in
investigation of urinary tract infection in adults

John Spencer, David Lindsell, Irene Mastorakou

Abstract
Objective-To compare ultrasonography with

intravenous urography for investigating adults with
proved urinary tract infection.
Design-Prospective study of patients presenting

consecutively for radiological investigation ofurinary
tract infection between October 1988 and December
1989. Both investigations were performed concur-
rently and performed independently on routine lists
by different duty radiologists, each of whom knew
the details on the request form but not the findings of
the other investigation.
Setting-Radiology department of a teaching

hospital.
Patients-158 Consecutive adults (89 women, 69

men; mean age 49-7 (range 18-83)) referred from
general practitioners and hospital outpatient clinics
with a history of proved urinary tract infection.
Interventions-Urography and ultrasonography

performed concurrently. When both examinations
gave normal findings no clinical or radiological
follow up was sought. All abnormal findings detected
with either investigation were confirmed by sub-
sequent imaging studies or by operative procedures.
Main outcome measure-Accuracy of detection of

abnormalities of urinary system by ultrasonography
compared with urography.
Results-113 Patients (72%) had normal uro-

graphic and ultrasonic findings. Overali, ultrasono-
graphy concurred with the findings of urography in
149 (94%) patients, and when a single abdominal
radiograph was included in the procedure, in 152
(96%). Ultrasonography missed only one important
diagnosis, that of mild papillary necrosis in normal
sized kidneys in a diabetic patient. It detected one
early bladder tumour not visible on urography and
was able to clarify the nature of renal masses (simple
cysts) evident on three urograms.
Conclusion-Ultrasonography provides a safe

and accurate method of imaging the urinary tract
in adults with infection. Combined with a plain
abdominal radiograph, it should replace urography
as the initial imaging investigation in these patients.
Major savings would result from adopting this
policy, and the risks to patients from ionising
radiation and intravenous contrast media would be
appreciably reduced.

Introduction
Intravenous urography has been replaced by ultra-

sonography as the initial imaging investigation for
urinary tract infection in infancy and childhood'2 and
is usually combined with a plain abdominal radiograph
to detect small urinary calculi. Ultrasonography has
proved to be accurate and safe and is well tolerated in
this group of patients. In addition to an important
reduction in the dose of ionising radiation and avoiding

the risks of reactions related to contrast media, there
have been appreciable savings in the cost and examina-
tion time per patient. The efficacy of ultrasonography
in investigating adults with urinary tract infection does
not seem to have been formally established. We
therefore conducted a prospective comparative study
of the accuracy of ultrasonography compared with
urography in adults referred for investigation ofurinary
tract infection.

Patients and methods
One hundred and fifty eight consecutive patients (89

women and 69 men) referred from either general
practitioners or outpatient departments of this hospital
with a history of recorded urinary tract infection and a
request for urography or ultrasonography were entered
into the study. In most cases the request was solely for
urography. The patients attended this hospital between
October 1988 and December 1989. Their age ranged
from 18 to 83 years (mean 49-7 years), 94 ofthem being
aged under 50. Of the 158 patients, 115 (73%) were
referred by general practitioners. They were sent a
routine appointment for urography with an explanation
that ultrasonography would also be performed. All
bookings were made for the routine outpatient lists,
and in all patients the investigations were performed
concurrently.
A mild laxative was given the night before their

urography investigation and patients were starved
from midnight. The examination was performed by
the duty radiologist. A full length abdominal radio-
graph was taken initially with supplementary views
when appropriate. An intravenous injection of either
meglumine and sodium diatrizoate (325 g iodine/l) or
iopamidol (300 g/l) was given at a dose of 1 ml/kg body
weight. Immediately after the injection an upper
abdominal (cross kidney) radiograph was taken
followed by a similar radiograph five minutes after
injection. (At the discretion of the supervising radiolo-
gist tomograms of the renal area were made or abdom-
inal compression was applied after inspection of these
initial radiographs.)A full length abdominal radiograph
was taken about 20 minutes after injection, with a view
of the bladder when filled. The patient was then taken
for ultrasonography and on return a bladder radiograph
was obtained after micturition. For ultrasonography
the patient was examined on the routine list by the duty
radiologist with either an Accuson 128 or an ATL
Ultramark 4 machine with a 3 5 MHz sector scanning
transducer. A routine transabdominal examination of
the urinary tract was made with the patient in the
supine and oblique positions before the patient returned
for completion of the urogram. The bladder was not
filled specifically for ultrasonography.
The two investigations were reported independently,

and the results that we used for comparison were those
in the reports issued to the referring clinician. If the
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clinical assessment, urography, and ultrasonography
all gave normal results and no further investigations
were planned we assumed a diagnosis of 'normal.'
When the two investigations agreed as to the nature of
the abnormalities and no further investigations were
indicated we accepted the diagnosis. If a discrepancy
was found the investigations were reviewed and an
eventual diagnosis was based on additional clinico-
pathological data or imaging studies, or both, on
findings at cystoscopy or during other operative pro-
cedures, when performed.

Results
Among the patients examined, 113 (72%) had

entirely normal findings on urography and ultrasono-
graphy. Table I gives details of the abnormalities
shown by urography. A total of 50 abnormalities was
found in 45 patients, but in eight patients the urogram
was unable to define the exact nature ofthe abnormality
(four showed unexplained mild unilateral hydro-
nephroses, three showed renal space-occupying lesions,
and one showed bilateral mild hydroureters). The most
common abnormal finding was prostatic hypertrophy
and in all cases the referring doctor had suggested this
as the most probable diagnosis based on clinical
findings.

TABLE I-Findings on urography in 158 adult patients referred for
investigation of urinary tract infection

No of patients

Normal findings 113
Prostatic hypertrophy with or without bladder trabeculation 1 1(7)*
Renal calculi 10
Unilateral mild hydronephrosis (unexplained) 4
Duplex kidney 4
Renal space-occupying lesion 3
Small bladder diverticulum 3
Small scarred kidneys 3
Unilateral hydroureter due to calculus 2
Absent kidney 2
Irregular bladder wall 2
Unilateral mild papillary necrosis I
Sclerotic bony metastases (prostatic) I
Obstruction at pelviureteric junction I
Bladder stone I
Ureterocele with hydroureter I
Mild bilateral hydroureter (unexplained) I

*In four patients this finding was not reported but was evident on review.

TABLE II-Abnormalities in 13 patients in whom detailed findings on
urography and ultrasonography differed

Abnormality No of patients

On urogram alone:
Duplex kidney 3
Small bladder diverticulum (with enlarged prostate) 2
Papillary necrosis I
Mild bilateral hydroureter (unexplained) I
Ureteric calculi* 2t
Renal calculi 2t
Sclerotic metastases (with enlarged prostate) lt

On ultrasonography alone:
Bladder tumour

*Ultrasonography showed upper tract dilatation alone in one patient.
tAbnormality visible on plain radiograph.

Ultrasonography alone was able to show 39 of the 50
abnormalities (78%) shown by urography and when it
was combined with a single plain abdominal radiograph
this proportion increased to 43 (86%) with only one
important diagnosis being missed (mild unilateral
papillary necrosis). In 36 of the 45 patients with
abnormalities we found that, although both investiga-
tions detected the same abnormalities, one or other was
superior for delineating the abnormality. Eight patients
had normal ultrasonography but abnormal urography,
and one patient had abnormal ultrasonography but
normal urography. Table II shows the details of cases
in which urographic and ultrasonic findings differed.
In addition to clarifying the nature of the three renal
space-occupying lesions shown on urograms (simple
cysts), ultrasonography showed a small bladder tumour
that had been missed by urography. (It also detected in
passing several important abnormalities in other
organs, including abdominal aortic aneurysms, ovarian
cysts, and gallstones, and it detected several incidental
small renal cysts.)

In the 94 patients aged under 50 (52 women and 42
men) there was a slightly higher proportion of patients
with normal findings on both examinations (71/94,
76%) compared with that in the older group (42/64,
66%). In the young patients ultrasonography and a
plain abdominal radiograph did not miss any important
abnormalities when compared with urography. Of the
young men, 14 (33%) had abnormal findings on
urography compared with only nine (17%) of the
young women. Table III gives the number ofabnormal
findings for patients subdivided by sex and age.

Overall, ultrasonography combined with a single
abdominal radiograph concurred with the findings of
urography in 152 of the 158 patients studied (96%).

Discussion
The low yield of important abnormalities of the

urinary tract found by urography in this study is
similar to that found by other prospective studies.
Studies of young women investigated for recurrent
urinary tract infections showed that about 90% had an
entirely normal urogram, with another 5% showing
only minor normal anatomical variants.3 5 The remain-
ing small proportion of abnormal urograms showed a
roughly equal mixture of abnormalities resulting from
prior infection (scarring and atrophy) and of findings
that might have influenced management. The number
of young women-referred for investigation of urinary
tract infection by urography has fallen with the
recognition of these findings. In a similar survey in the
United Oxford Hospitals in 1970-1, 76% of those
referred for investigation by urography were women
compared with 56% in our study.6 Interestingly, the
overall rate of normal findings was 71%, which is
almost identical with ours, though the earlier study did
not analyse findings by sex or age.

Studies including elderly men have shown a high
incidence of abnormalities on urography relating to the
causes and effects of bladder outflow obstruction. In

TABLE III-Findings on urography and ultrasonography with plain abdominal radiograph for 158 patients with history ofurinary tract infection,
analysed by sex and age. Figures are numbers ofpatients

Normal findings on urography Abnormal findings on
and ultrasonography with Abnormal findings ultrasonography with plain

Age (years) plain abdominal radiograph on urography abdominal radiograph Total No (%) with abnormality

Men
<50 (n=42) 28 14 13 14 (33)
50 (n=27) 14 13 12 13 (48)

Women
<50 (n=52) 43 9 8 9 (17)
- 50 (n= 37) 28 8* 7 9 (24)

Total 113 44 40 45

*One small bladder tumour missed.
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one such series 84% had abnormal urograms with more
than half having established prostatic disease and over
80% requiring instrumentation.7 When men with a
history of bladder outflow obstruction were excluded
the proportion of abnormal urograms fell to 22% with
less than half of the abnormalities affecting further
investigation and management.8 The proportion and
range of abnormalities shown by urography in our
study (33%, 14/42 for men aged <50; 48%, 13/27 for
men aged ¢ie50) were a reflection of the unselected
population that we studied. We believe that our study
population was a representative cross section of men
who had been sent for further investigation by most
departments.
Our study showed that ultrasonography is a sensitive

and accurate method of investigating the mixed
population of adults referred with a history of proved
urinary tract infection to a busy radiology department.
The findings concurred with those on urography in 149
(94%) of the 158 patients. Table IV summarises the
overall agreement between the two examinations.

TABLE iv-Overall agreement between urography and ultrasonography
(158 patients)

Finding No of patientst

Normal, ultrasonography; normal, urography 113
Abnormal, ultrasonography; abnormal, urography (same 36

abnormality detected*)
Normal, ultrasonography; abnormal, urography 8
Abnormal, ultrasonography; normal, urography 1

*Better delineated by one or other method.
tIn four additional patients urography showed additional abnormalities
over ultrasonography alone.

When ultrasonography was combined with an
abdominal radiograph accuracy was increased to 152
(96%). Most ofthe false negative findings on ultrasono-
graphy occurred in patients in whom urography was
able to show abnormalities in non-dilated pelvicaliceal
systems; three patients had incomplete duplex systems
that were not apparent on ultrasonography (but did not
affect patient management) and one had mild papillary
necrosis. This patient was an established diabetic
patient in whom the kidneys were of normal size
without cortical scarring.

Ultrasonography cannot image most of the normal
ureter and therefore fails to detect most ureteric
calculi, although it will show any secondary proximal
ureteropelvic dilatation if present. In our study two
ureteric calculi were not visualised with ultrasono-
graphy alone. Patients with acute loin pain were not
included in our series. Urography has been shown to
be superior to ultrasonography in this situation,
principally because ultrasonography relies on second-
ary obstructive dilatation as an indicator of ureteric
calculi.9 In eight out ofthe 10 patients with renal calculi
these were correctly diagnosed on ultrasonography.
The efficacy of this investigation in assessing renal
calculi has been established and it relates to the size of
the calculi. '0 We therefore recommend that in addition
to ultrasonography a single abdominal radiograph is
obtained in adults investigated for urinary tract
infection, which is the established policy in children.
We found that ultrasonography was considerably

better than urography for evaluating the prostate
gland, as has been found by others."I 12 The bladder was
not filled to the degree usual in the scanning of pelvic
organs and no images after voiding were obtained.
Ultrasonography was at a relative disadvantage in this
respect and failed to show two small bladder diverticula
that were evident only in the urograms after voiding. It
did, however, diagnose a small bladder tumour not
seen on urography. Several incidental renal cysts were
evident only on ultrasonography, and in three patients
the urogram showed only a renal space-occupying

lesion that required further clarification by ultra-
sonography.
The indications for imaging of the urinary tract in

adults with urinary tract infection remain a matter of
debate and controversy. Most authorities now see no
role for the radiological investiga'tion of young women
with uncomplicated recurrent infections.'3 An episode
of acute pyelonephritis or haematuria or a history of
childhood infection, stones, or obstructive symptoms
increases the likelihood of an underlying remediable
abnormality.4 '4 The need to investigate men at all ages
has recently been reiterated and is further emphasised
by our results, particularly in young men.'5
The dependence of ultrasonography on the operator

is well recognised, and therefore any change in imaging
protocol will depend on local skill. In our study the
ultrasonography was performed by several different
operators with varying experience, and therefore
our results do not reflect solely the skill of a single
radiologist with a particular interest in ultrasono-
graphy.
We thus advocate that when imaging of the urinary

tract in either sex is indicated or required the initial
evaluation should be by ultrasonography supplemented
by a plain abdominal radiograph. Patients would
benefit because they would have a shorter, non-
invasive investigation without loss of diagnostic
accuracy and in addition would be less exposed to the
hazards of ionising radiation and intravenous contrast
media. Considerable savings on the cost of contrast
media, injection materials, and x ray film would ensue,
particularly in view of the increasing use of the more
expensive non-ionic contrast media.'6 The potential
savings that may be made by each department will
vary. The consumable costs of an intravenous urogram
(film, contrast media, and injection materials) have
been conservatively estimated to be £25 compared with
£1 for an ultrasound examination,'6 and even if a single
abdominal radiograph is also taken the time savings
for radiologists and radiographers will be considerable.
Based on these conservative costings, over £3500
would have been saved on consumables alone if the 158
patients in our study had been investigated with
ultrasonography and a plain abdominal radiography
instead of urography.
Urography will be required for further elucidation of

abnormalities detected on ultrasonography in a small
proportion of patients with urinary tract infection and
will remain the best imaging study for investigating
sterile pyuria.

We thank all our colleagues who performed investigations
and Mr G Fellows, Mr J Smith, and Dr EW Fletcher for their
helpful advice on the manuscript.
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The national screening programme for breast cancer
has led to women with asymptomatic ductal carcinoma
in situ being detected and referred for treatment. This
condition has an apparently excellent prognosis, but no
precedent regarding treatment exists. A study in the
United Kingdom has commenced comparing four treat-
ments in patients with asymptomatic ductal carcinoma
in situ (protocol available from the Cancer Research
Campaign Clinical Trials Centre, Rayon Institute,
London SE5 9NU). The four treatments comprise
complete local excision alone, complete local excision
plus tamoxifen, complete local excision plus radio-
therapy, and complete local excision plus tamoxifen
and radiotherapy. The trial will be a prospective
randomised study incorporating a 2 x 2 factorial design,
which permits evaluation of each additional treatment
(figure). Participating doctors who think that either
radiotherapy or tamoxifen is an essential or unaccept-
able treatment will be able to enter women in single
randomisations for only one half of the trial. Can the
use of radiotherapy be justified in this study when the
course of the disease is poorly understood, the survival
of patients is not in question, and serious doubts about
the later effects of radiation exist?

In 1932 Broders defined carcinoma in situ as "a
condition in which malignant epithelial cells and their
progeny are found in or near positions occupied
by their ancestors before the ancestors underwent
malignant transformations."' Under a light micro-
scope ductal carcinoma in situ appears as a carcinoma
of mammary ducts in which there is no evidence of
invasion through the basement membrane into the
surrounding stroma.2 An important problem, however,
is that failure to show invasion into the stroma by
microscopy does not mean that none is present, and
careful histological examination of several sections is
necessary before the condition can be diagnosed.

In the past patients with ductal carcinoma in situ
presented with a mass in the breast and were managed
by mastectomy. This approach was supported by the
60% incidence of residual ductal carcinoma in situ,'

A B

C Complete local Complete local
excision excision + tamoxifen

C v D for assessing
addition of irradiation

D Complete local Complete local excision +

excision + radiotherapy radiotherapy + tamoxifen

A v B for assessing
addition of tamoxifen

Design of United Kingdom randomised trial for management ofductal carcinoma in situ detected by breast
screening

the 6-18% incidence of invasive carcinoma found in
mastectomy specimens,34 and the virtually 100% rate
of cure after such surgery.5 Even so, some patients have
been managed less aggressively, and in a group of
25 women managed only by biopsy 28% developed
invasive cancer within three to 10 years after biopsy.6
When recurrence or invasive cancer develops, it tends
to do so at or near the site of the original lesion, and
provided that the patient is being carefully monitored
such developments do not seem to prejudice survival.
This point is of such importance as to have been the
subject of a national survey by the American College
of Surgeons, which found no statistical difference in
five year rates of cure and survival when comparing
202 patients with ductal carcinoma in situ managed
initially either by mastectomy or by less aggressive
procedures.7 Similar conclusions were drawn in a
smaller British study of 28 cases.8

If the survival of women with ductal carcinoma in
situ is not in doubt the justification for irradiation must
be a reduction in the rate of local recurrence or in the
development of invasive cancer. Some evidence exists
suggesting that such reductions occur. In the national
surgical adjuvant breast project 78 women with ductal
carcinoma in situ were identified from the 2072
patients with invasive cancer enrolled.9 Fifty one of the
78 women were managed by lumpectomy with or
withou-t irradiation, and seven of them developed
recurrence at or close to the site of the initial
lesions four to five months after surgery. Recurrences
occurred in only two (7%) of the 29 patients who
received radiotherapy but in five of the 22 patients
managed by lumpectomy alone. Treatment failed in
two women: one was managed by mastectomy and died
from breast cancer at 62 months, and the other was
managed by lumpectomy and irradiation and was alive
with disease at 86 months after initial presentation.

Roentgen's discovery of x rays in 1895 led to their
use in treating a wide range of malignant and benign
conditions. Now radiotherapy is largely restricted to
the palliation of symptoms in patients with advanced
malignancy or to the cure of those with life threatening
disease for whom other treatment either does not exist
or is more toxic. Its use in benign disorders fell
into disrepute because of potentially lethal late effects
that may develop after treatment, in particular neo-
plasia induced by radiation. Regarding the breast,
Read et al described the short term morbidity in 184
patients with small, primary breast tumours who
were managed by lumpectomy and irradiation and
commented on a 15% incidence of moderate skin
erythema, a 56% incidence of mild to moderate breast
discomfort, and a 9% incidence of pneumonitis. Of
more serious concern are two reports that show a small
but significant increase in mortality among patients
with breast cancer managed by irradiation of the chest
wall and mastectomy compared with those given only
mastectomy," 12 a finding that became apparent only
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