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Abstract
Objective-To compare ultrasonography with

intravenous urography in the investigation of adults
with haematuria.
Design-Prospective study entailing the exam-

ination of all patients with both investigations
concurrently. The investigations were performed
independently on routine lists by different duty
radiologists. Each was aware of the details of the
request form but not of the findings of the other
investigation.
Setting-Radiology department of a teaching

hospital.
Patients-155 Consecutive adult patients (aged

18-93) referred from general practitioners and
hospital outpatient clinics with a history of hae-
maturia.
Follow up-When results of both examinations

proved normal no clinical or radiological follow up
was sought. All abnormal findings of either investi-
gation were correlated with results of subsequent
imaging studies or operative findings.
Results-81 Patients (52%) had normal findings on

urography and ultrasonography. Overall, the findings
of ultrasonography concurred with those of uro-
graphy in 144 cases (93%). Among the discrepant
findings of the two investigations ultrasonography
missed two ureteric calculi; one was in a non-dilated
ureter, and in the other case ultrasonography detected
the secondary ureteric dilatation. Ultrasound exam-
ination alone detected four bladder tumours not
visible on urography with sizes ranging from 5 to
21 mm, representing one fifth of the 20 cystoscopic-
ally proved bladder tumours detected in the series.
Ultrasonography detected all the 22 neoplastic
lesions discovered in the study (20 bladder, two
renal). Ultrasonography clarified the nature of renal
masses evident in three urograms (simple cysts).

Conclusions-Ultrasonography is a safe and
accurate method of investigating the urinary tract in
adults with haematuria. When combined with a
single plain abdominal radiograph it proved to be
superior to urography as the primary imaging study
in this series. Ultrasonography should certainly be
preferred to urography if cystoscopy is not planned.
No urothelial tumours of the upper urinary tract
were found in the series, reflecting their rarity. For
those patients in whom ultrasonography and plain
radiography have shown no abnormality and in
whom cystoscopic appearances are normal urography

would be advisable to exclude urothelial tumours of
the upper urinary tract.

Introduction
It has been standard urological practice to request an

intravenous urogram as the initial radiological investi-
gation of patients with haematuria. In the light of
improvements in newer imaging techniques the con-
tinued use of urography has been questioned.' Ultra-
sonography can provide images of both the upper
and lower urinary tract and is without the potential
hazards of ionising radiation and intravenous contrast
media. This technique supplemented by a single
abdominal radiograph has supplanted urography in
investigating certain urinary tract disorders, notably
urinary tract infection in childhood,23 and a similar
policy has been recommended for the investigation of
adults with urinary tract infection.4 Ultrasonography
has also been shown to have advantages over urography
in assessing prostatic disease.56 The efficacy of ultra-
sonography in the investigation of haematuria does not
seem to have been assessed prospectively in a large
group ofadults. We therefore conducted a comparative
study ofthe accuracy ofultrasonography and urography
in patients with haematuria referred for urography
from both general practice and hospital outpatient
clinics.

Patients and methods
One hundred and fifty five consecutive patients (121

men, 34 women) referred from general practitioners
and the hospital outpatient department with a history
of haematuria and a request for intravenous urography
were entered into the study. Their ages ranged from 18
to 93 years (mean 59 7), and most were referred from
general practice. The clinical details provided on the
request forms for some patients were very limited and
did not indicate the type or severity of haematuria in all
cases. We did not include patients with haematuria
associated with a known urinary tract infection. These
patients were entered into a separate prospective
comparative trial.4 Patients with traumatic haematuria
and those with acute ureteric colic were also excluded.
The patients were sent a routine appointment for

intravenous urography with an explanation that an
ultrasound examination would also be performed.
In all cases the investigations were performed con-
currently. The patients attended the hospital between
October 1988 and January 1990.

1074 BMJ VOLUME 301 10 NOVEMBER 1990

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.301.6760.1074 on 10 N
ovem

ber 1990. D
ow

nloaded from
 

http://www.bmj.com/


A mild laxative was given the night before urography
and the patient starved from midnight. A full length
abdominal radiograph was taken initially with supple-
mentary views when appropriate. An intravenous
injection was then given ofeither meglumine diatrizoate
and sodium diatrizoate (325 g iodine/l) or iopamidol
(300 g/l) when indicated 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 film five minutes after injection. (At the
discretion of the supervising radiologist renal area
tomograms were taken or abdominal compression
applied after inspection of these initial radiographs.) A
full length abdominal radiograph was taken roughly 20
minutes after injection, with a view of the bladder
when full. The ultrasound examination was then
performed and the patient returned to the urography
room for postmicturition radiography of the bladder.
The ultrasound examination was performed with

either an Accuson 128 or an ATL Ultramark 4
machine using a 3 5 MHz sector transducer. A
routine transabdominal examination of the urinary
tract was made in the supine position before re-
turning the patient for completion of the urogram. The
bladder was not filled specifically for the ultrasound
examination.
The two investigations were reported independently.

The reports of the two examinations that were issued to
the referring clinician were then compared and
the results correlated by us. When no further investi-
gation was planned after the clinical assessment,
urography, and ultrasound examination had failed to
detect anything abnormal a diagnosis of "normal" was
assumed. These patients will be the subject of a long
term follow up study. When the two investigations
were in agreement about the nature of abnormalities
and no further investigations were indicated or planned
the diagnosis was accepted. When a discrepancy was
discovered the investigations were reviewed. The
eventual diagnosis was made with reference to additional
clinicopathological data or imaging studies, or both, or
from the findings at cystoscopy or other operative
procedures when performed. All cases of neoplasia
diagnosed by either examination were correlated with
findings at cystoscopy or laparotomy and subsequent
pathology reports.

Results
Eighty one (52%) of the 155 patients examined had

normal urograms and ultrasonograms. Table I lists the
abnormalities detected by urography. Eighty abnor-
malities were found in 74 patients at urography, but in
11 cases urography was unable to determine the exact
cause (six renal space occupying lesions, three minor
unilateral hydronephroses, a parapelvic mass, an

rABLE I-Findings of intravenous urography in 155 patients

No

Normal findings 81
Prostatic enlargement 30
Bladder neoplasm 16
Urinary calculi with or without hvdronephrosis 12

Renal 8
Ureteric 3
BladderIc

Renal space occupying lesion 6
Unexplained unilateral hydronephrosis 3
Bladder diverticulum 3
Bilateral hydronephrosis (outflow obstruction) 2
Renal neoplasm 2
Medullary sponge kidney 2
Atrophic kidneys 2
Parapelvic mass I
Filling defect in right upper pole calix I

rrotal abnormalities discovered 80

upper pole caliceal filling defect). The most common
abnormal finding, prostatic enlargement, was suggested
in most cases as the likely diagnosis by the referring
doctor on the basis of clinical features but was better
delineated by ultrasonography. Ultrasonography de-
tected 75 of the 80 abnormalities (94%) identified by
urography. Table II gives the findings in cases in which
ultrasonography and urography gave different results.
In addition to clarifying the nature of the seven renal

TABLE II-Cases in which findings at urographv and ultrasonographk
differed (II patients)

No

Shown by intravenous urography alone:
Ureteric calculi (visible on plain film) 2*
Bladder diverticulum (patients with enlarged prostate) 2
Filling defect in right upper pole I

Shown by ultrasonographv alone:
Bladder neoplasms 5
True positive 4
False positive 1

Renal stone it

*In one case ultrasonography showed the secondary upper tract dilatation.
tNot seen in abdominal radiographs.

TABLE III-Agreement between reported findings of urography and
ultrasonographv (155 patients)

No

Normal on ultrasonographv; normal on intravenous
urography 8 1

Same abnormality detected by intravenous urography and
ultrasonography 65

Additional minor information provided by intravenous
urography* 2

Normal on ultrasonographv; abnormal on intravenous
urography 3

Abnormal on ultrasonography; normal on intravenous
urography 6

*Small bladder diverticula in patients with enlarged prostates.

and parapelvic lesions, ultrasonography showed four
bladder neoplasms missed by urography (size range
5-21 mm). In one case ultrasonography was reported as
showing a 20 mm bladder neoplasm which was not seen
at cystoscopy and which was thought likely to have
represented a thickened bladder fold.
Two of the five abnormalities missed by ultrasono-

graphy were small bladder diverticula in patients with
prostatic enlargement and thus were incidental. The
pelvicaliceal filling defect was assumed to have repre-
sented a blood clot as it was not present in a follow up
urogram. The underlying abnormality remained
obscure after urological assessment. The two ureteric
calculi that were missed by ultrasonography were both
visible on the plain abdominal radiographs, though
in one case ultrasonography detected the secondary
hydroureter.
Four (15%) of the 27 patients aged 40 or less had

abnormal findings, and in one of these with a small
bladder papilloma the abnormality was visible only
with ultrasonography. Ultrasonography and a single
plain abdominal radiograph also detected the other
three abnormalities discovered by urography in this
group of patients (two urinary calculi, one medullary
sponge kidney).

Overall, ultrasonography and urography agreed in
their reported findings in 144 of the 155 patients
studied (93%), though in some cases one or other
examination showed an abnormality better. Table III
gives an overall comparison of the issued reports of
urography compared with those of ultrasonography.

Discussion
The patients referred for investigation in this study

had haematuria varying in severity from dipstick or
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microscopic detection to frank haematuria and reflected
the broad range of patients referred for radiological
assessment, particularly from general practice. The
frequency of microscopic haematuria in screened
populations has been reported at up to 13%, of whom
only 2-3% were found to have "serious urological
disease" and less than 1% to have bladder or renal
cancer.7 A combination ofultrasonography and flexible
cystoscopy has recently been suggested in assessing
elderly men discovered to have haematuria on dipstick
testing.'
One of the aims in investigating haematuria is

to diagnose treatable neoplasms of the urinary tract.
Most will be bladder neoplasms,9 and in our series
ultrasonography was superior to urography in diagnosing
these. The value of ultrasonography in diagnosing
bladder tumours is established,"' and the technique has
been suggested as an alternative to cystoscopy in
detecting recurrent tumours.

Ultrasonography detected the two renal cell car-
cinomas in our series and clarified the nature of
renal masses found at urography. The role of ultra-
sound examination in assessing renal masses is well
established.'7 Ultrasonography has been shown to be
superior to urography in the detection of renal masses,
particularly those of less than 2 cm.'3

Ultrasonography, however, is at a disadvantage
compared with urography in that the normal ureter is
not identified and the anatomical detail obtained of the
renal pelvis is inferior. Urothelial tumours of the
upper urinary tract are rare compared with bladder
tumours,'4 15 and none were encountered in our series.
Most ureteric tumours present with upper tract dila-
tation, which would be identified by ultrasonography
and indicate the need for further investigation. The
urographic findings of renal pelvic tumours in previous
series suggest that ultrasonography would be inferior
to urography in diagnosing them. Over two thirds were
simply represented in urograms by filling defects in the
pelvicaliceal system.'5 16

In up to a quarter of cases investigated haematuria
occurs as a result of urinary tract infection.9 We have
previously shown that ultrasonography and a single
abdominal radiograph are of similar accuracy to
urography for investigating adults with urinary tract
infection,4 and this conclusion extends to the subgroup
whose infection is attended by haematuria (Spencer
et al, unpublished).

Calculi in the urinary tract account for up to one fifth
of cases of haematuria.9 Ultrasonography diagnosed all
the cases of renal and bladder calculi in our series.
Ultrasonography has previously been shown to be
comparable to plain radiography in accuracy for
diagnosing renal calculi.'1 We believe that ultrasono-
graphy remains at a disadvantage in diagnosing small
stones in the ureter and advocate the addition of a plain
abdominal radiograph to improve their detection.
Urography remains the preferred investigation in acute
.renal or ureteric colic because in early or subacute
ureteric obstruction there may be no proximal dilatation
despite reduced or absent excretion of contrast
medium from the kidney at urography. 8

In our series ultrasonography proved superior to
urography, notably because of its ability to detect
small bladder tumours not visible in urograms. The
deficiency of ultrasonography in diagnosing ureteric
calculi was correctable by adding a single abdominal
radiograph. It is thus tempting to advocate replacing
urography by ultrasonography and a plain film in the
investigation of adults with haematuria. In addition to
a reduction in the hazards to patients from ionising
radiation and injected contrast media consequent on
such a change, considerable savings would ensue. Even
with conservative costings of the consumables used in
the two examinations (injection materials and intra-

venous contrast, radiographic and photographic film)
the cost of a urogram is roughly 10 times that of an
ultrasound examination and plain film.'9

There are some settings, however, in which urography
remains essential. We advocate the continued use of
urography in patients with proved cytological findings
indicating a urothelial neoplasm as an upper tract
tumour would be better seen on urography and
cystoscopy would usually be performed in such cases.
A urogram should be obtained in patients with
haematuria in whom cystoscopy has shown nothing
abnormal. Urography should be used for assessing the
upper urinary tracts in patients with a history of
bladder neoplasia because of the recognised association
with transitional cell tumours of the ureter or renal
pelvis.'4'6 Conversely, because of the rarity of these
upper urinary tract urothelial tumours compared with
bladder tumours all patients examined for haematuria
should have at the very least an ultrasound scan of their
bladders included in their radiological investigation,
especially when cystoscopy is not contemplated. The
discovery of a suspicious lesion in the bladder by
ultrasonography is an indication for urgent urological
assessment and may expedite cystoscopy.
The decision to move from urography to ultra-

sonography as the primary imaging study in a particular
centre will be influenced as much by the needs of
referring clinicians as by the overall accuracies of two
techniques available to the radiologist. The operator
dependence of ultrasonography is well recognised and
therefore any change in imaging protocol will depend
on local skill. In our study the ultrasound examinations
were performed by several different operators with
varying experience of the technique. The results of the
study do not reflect solely the skill ofa single radiologist
with a particular interest in ultrasonography.

We thank all of our colleagues who peformed investigations
as part of this study. We are grateful to Mr G Fellows, Mr J
Smith, and Dr E W Fletcher for reading the manuscript and
for helpful advice.
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