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Introduction 

Ultrasonography 

The first ultrasonography equipment was developed between the two world wars as an 

instrument for detection of U-boats. Ultrasonography is based on the principle of 

piezo-electricity, the ability of a medium to convert mechanical pressure to electricity 

and vice versa. The sound waves are reflected from various matters and then again 

converted to electrical impulses. The first ultrasonic scanning equipment became 

available in the early fifties, and in 1952 the first report of scanning of the body was 

published (Howry et al. 1952). The first articles reported results with A-scanners, that 

means a single ultrasonic beam visualized on an oscilloscope. 

In the middle of the sixties clinically useful equipment was developed. Utilization of 

ultrasonography in renal diseases was described by Howry (1965) and Goldberg et al. 

(1968). 

Goldberg et al. (1968) examined 100 patients with expansile lesion confirmed by 

urography, angiography or biopsy. The ultrasonographic equipment used was an A-

scanner with a 2,25 MHz transducer. They managed to correctly diagnose 22 of 23 

tumours and 74 of 77 cysts by ultrasonography. The differentiation between tumours 

and cyst were that cysts gave no echoes within the lesion, but solid tumours did. It is 

still the cardinal differences between cysts and tumours, and the characterization of 

benign cysts is now well established even if some authors (Pollack et al. 1932) are 

pointing out an important issue: how to predict the malignant potential of an atypical 

cyst. It is still considered a matter of discussion (Bosniak 1986). 

The detection and measurement of renal calculi has been well described (Edell el al. 

1978, Juul et al. 1987, Middleton et al. 1988, Pollack et al. 1978). 
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UroPranhv 

Visualization of ureter and renal pelvis by retrograde pyelography was first reported by 

Voelcker and von Lichtenberg (1906). The first attempt of providing an intravenous 

method of visualizing the renal tract was reported by Osborne et al. (1923) with 

sodium-iodide as contrast medium. However, it was not until after the successful work 

by Swick (1929) in von Lichtenberg's laboratory (von Lichtenberg 1929) that a 

successful contrast image of the calices, renal pelvis and ureter was achieved. The first 

contrast medium was called Uroselectan® (iodomethamate sodium). Wesson and 

Fulmer (1932) and Wilcox (1936) reported the first observations of obstructing ureteral 

calculi. With improved contrast media opacification of the renal parenchyma 

(nephrography) was achieved (Weems and Florence 1947). Evans et al. (1954) 

combined nephrogram and torn' graphy and called it nephrotomography. 

There has been attempts to simplify the examination to one image (Hillman et al. 1979, 

Schey et al. 1981), two images (Lahde et al. 1981) or three films (Gothlin et al. 1986), 

but 'here is soil no consensus regarding the optimal way to perform a standard 

intravenous urography today (Hurst et al. 1980, Hattery et al. 1988). High-osmolar 

versus low-osmolar contrast media, high-dose versus low dose, the necessity of ureter 

compression, oblique projections, nephrotomography and post void exposures (Evans 

1989) are still debated. 

Urography (nephrotomography) supplied with renal angiography was considered ]h£ 

imaging investigation of the upper urinary tract before the advent of cross-sectional 

methods like ultrasonography, computed tomography and magnetic resonance. 

Indications for performing intravenous urography has been hypertensive disease 

(Thombury et al. 1982), screening for obstruction prior to surgery of the large bowel 

prior to hysterectomy (Roden et al. 1961, Sack 1979), prior to prostatectomy (Bauer et 

al. 1980, Brooks 1988, Juul et al. 1989), acute renal failure (Webb et al. 1984), 

screening infants with urinary tract infection (Haycock 1986, Kangarloo et al. 1985, 

Leontdas et al. 1985, Mason 1984, Pedersen et al. 1987), screening young women 

with recurrent urinary tract infection (Engel et al. 1980, Fair et al. 1979, Fairchild et al. 

1982, Fowler and Pulasky 1981, de Lange and Jones 1983, Mogensen and Hansen 
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1983), follow-up of patients after bladder vaiwer ireutinem (Bilde et al. I9K4, Waller ci 

al. 1983), controls after spinal cord injuries (Brundl et al. 1981, Calenoff et al. 19X2 

Morcos et al. 1988, Rao et al. 1986) and abdominal trauma (Mee et al. 1989, Pollack ei 

al. 1989). All these indications for urography have been questioned because of low 

diagnostic value. Instead either ultrasonography or CT has been p.oposed. On certain 

indications e.g. prior to prostatectomy no upper urinary tract imaging has been 

proposed (Mushlin and Thombury 1989). 

During the last decades there has been an increasing awareness of the hoards of 

ionizing radiation in diagnostic radiology (Russel 1988). The urography technique has 

been refined by faster film screen combination and fewer exposures. It is indeed 

difficult to shield the female gonads during urography, and Bankwall et al. (1982) 

calculated a mean absorbed dose to the ovaries of 12,7 niGy during a standard 

examination. 

Urography includes intravenous injection of a contrast medium, and all injections are 

potentially harmful. With high-osmolar contrast media a mortality rate of 1:75 000 

exi minations has been reported (Hartman et al. 1982). Low-osmolar contrast media 

may be safer (Schrott et al. 1986), but significantly lower rates of severe and fatal 

reactions have still to be established. 

The reason why high-osmolar contrast media still are used lies in the higher price of 

low-osmolar agents. The prices are from 3 to 10 rimes higher than for the high-osmolar 

ones (Fischer 1986). In 1988 the cost of performing a urography with low-osmolar 

contrast medium in our department was NoK 1588 and with a high-osmolar medium 

NoK 818. The cost of an ultrasonography examination of the urinary tract was 

estimated to NoK 434 (Geitung et al. 1988). 

Modem real-time ultrasonic equipment is comparatively inexpensive, easy to operate 

and produces good quality images. The goal of the present study was to assess whether 

ultrasonography can be considered the optimal initial standard examination of the 

urinary tract and eventually to further limit the indications for urography (Aslaksen et 

al. 1988). 
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Aims of the study 

1. Can ultrasonography replace urography as the first investigation in patients with 

suspected or known (controls) urologic disease? 

2. On what indications can ultrasonography possibly replace urography? 

3. Is ultrasonography more sensitive than urography in detecting small re.ial tumours? 

4. Can ultrasonograph) replace urography a; preoperative investigation prior to 

hysterectomy. 

5. Can ultrasonography be utilized in the evaluation of women with urinary tract 

infection. 

I 
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Material and Methods 

A total of 1306 examinations in 1168 patients were performed. Nineteen patients were 

examined thrice, 100 twice and 1049 once. Median age at examination were 55 (range 

14-89) years. 585 examinations were performed on female patients and 721 on male 

patients. The main reasons for referral are shown in table 1. 

Table 1 The main indications for referral for 130A1VU examinations in 1168 

patients. Some patients have more than one reason for referral. 

Number of examinations 

Non-specific chronic abdominal pain 261 

Microscopic hematuria without flank pain 193 

Recurrent urinary tract infection in women 125 

Acute flank pain 123 

Macroscopic hematuria without flank pain 106 

Control after acute ureter colic treatment 101 

Routine control after urologic cancer surgery 89 

Control of renal calculus 75 

Preoperative control before hysterectomy 62 

Clinical suspicion of urologic cancer 61 

Preoperative for benign prostate hyperplasia 60 

Control after ureterorenoscopy 46 

Neurogenic bladder 39 

Other indications (e.g.kidney donor, renal trauma, 

hypertensive disease, renal failure) 223 
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Urography 

In patients referred for hematuria, recurrent tract infection and planned ESWL, IVU 

was performed with an initial 35 x 43 cm film covering the kidneys and the urinary 

bladder, followed by a 24x30 cm zonographic section of the kidneys. Immediately after 

contrast medium injection a 24 x 30 cm film was obtained of the kidneys (arteric-

capillary phase). During ureter compression a 24 x 30 cm film and a 24 x 30 cm 

zonogram of the kidneys was obtained. Immediately after release of compression a 35 x 

43 cm film was obtained. Further radiograms were obtained in cases of impaired renal 

function caused by obstruction. 

In all oth"-cases IVU was performed with a 35 x 43 cm film covering the kidneys and 

the bladder. Then 5 minute (24 x 30 cm) and 15 minute post-injection films (35 x 43 

cm) were obtained (Gothlin et al. 1986) 

Metrizoate (Isopaque® Nycomed 440 mg I/ml) 50 ml was utilized in 1171 

examinations, iohexol (Omnipaque® Nycomed 300 mg I/ml) 50 ml in 99 ai.d ioxaglatc 

(Hexabrix® Guerbet 320 mg I/ml) in 36. 

Minor contrast media reactions were defined as nausea, chills, cough, fever and 

urticaria. Severe reactions were defined as circulatory chock, pulmonary edema, 

bronchospasm and larynx edema causing hospitalization. Feelings of warmth or heat 

alone was not defined as a contrast media reaction (Shehadi et al. 1980). 

Tumours were suspected at following features: 

1. A structure bulging outward from the kidney surface 

2. A structure distorting the collecting system 

3. A region of reduced density in the nephrogram. 

Renal pelvic tumours were suspected at IVU when there was a filling defect in the 

calices or renal pelvis (Friediand et al. 1983) 

The IVU definitions of hydronephrosis were (Ellenbogen et al. 1978): 

1. Mild: Subtle distension of the fornices to frank distension of calices but the papillae 
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still easily identified. 

2. Moderate: Calices ballooned outward and papillae barely visible. 

3. Severe: Marked hydronephrosis with a saclike collecting system. 

Parenchymal scars were defined as a localized thinning of the renal cortex (Owen et al. 

1985). 

Adverse reactions 

One 60 year old male patient had an anaphylactoid reaction to metrizoate and was 

admitted to the intensive care unit. He was hospitalized over night, but had no sequelae. 

In 118 examinations (9%) mild contrast media reactions were observed. 

US was performed by one physician (AA) with a real-time scanner (General Electric 

RT 3000) with a 5 MHz sector phased array transducer with a variable focus from 2.5 

to 8 cm. The patients were examined in supine and oblique positions (Weill et"', 

1987,1). The examination was performed subcostally and intercostally. The small 

phased array transducer gave a good intercostal admission. All measurements were 

performed with the caliper built-in in the equipment, and the true distances were 

calibrated and controlled against a phantom. Kidney size was measured in three planes: 

The largest cranio-caudal diameter, and two diameters at 90 degrees at the height of the 

renal vein. When possible the calyx diameters, the renal pelvis diameter and the 

diameter of the proximal ureter were measured. To prevent blurring the gain-setting 

was kept low when examining the renal pelvis and when measuring calculi (Sauerbrei 

et al. 1980, King et al. 1985). When examining the renal parenchyma the gain setting 

was higher to enhance the contrast between cysts, tumours and normal parenchyma. 

The ureter has been described as a slender tube running retroperitoneally (Egender et al. 

1987). When normal the ureter could not be visualized from the lower pole of the 

kidney to approximately 5 cm from the ureteral orifice in the trigonum of the bladder. 
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When dilated it was attempted to follow the ureter in order to visualize the localization 

and nature of an obstruction (Egender et al. 1987). The distal 5 cm of the ureter was 

seen through the fluid-filled Madder (the patients were asked not to void 3 hours before 

the examination). The visualization of distal ureter calculi has been described (Erwin et 

al. 1984, Hill et al. 1985, Ohnishi et al. 1386) as hyperechoic foci with a shadow 

within a hypoechoic rube. Reported protocols include examination of the urinary 

bladder (Brun et. al 1984, Itzchak et al. 1981, Denkhaus et al. I98S). 

In the jresent study a typical cyst at US was defined as an anechoic lesion with sharply 

demarcated smooth walls and an acoustic enhancement in accordance with the repor; by 

Pollack et al. (1982). Atypical cysts were defined according to Bosniak (1986): 

Category I. Anechoic tumours with acoustic enhancement and sharply marginated 

smooth walls. 

Category II. Cystic lesions with thin septa, or minimally calcified. 

Category III. Cystic lesions with thickened septa walls, or extensive calcification. 

Category IV. Renal tumours with cystic elements. 

Tumour at US was defined as a structure distorting the normal architecture of the 

kidney surface or pyelovascular complex with an echogenicity different from the 

adjacent parenchyma (Weill et al. 1987,2). 

Hydronephrosis at ultrasonography was assessed by measuring the maximal calyx 

diameter no hydronephrosis 0 - 5 mm, mild hydronephrosis 6 - 1 0 mm, moderate 

hydronephrosis 11-15 mm, severe hydronephrosis >16 mm diameter (Peake et al. 

1984). 

Calculi detected by US were defined as hyperechoic foci with a diameter of 2 mm or 

larger, and having a definite acoustic shadow (King et al. 198S, Stafford et al. 1981). 

AH the examinations were recorded on video tape both for economical reasons and 

because it gave an opportunity to review the dynamic examination. 
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Performance and inlernrelnlinn 

On the same day both examinations were performed immediately subsequent to each 

other, and in approximately half of the patients ultrasonography was performed first. 

The IVU results were routinely reported to the referring clinician, but the US lesults 

only, when a positive finding differing from the IVU was disclosed as only these 

results could influence patient monitoring. Both the VS investigator and the radiologist 

reporting the urograms had access to the same information given by the referring 

clinician, but both examinations were performed without knowledge of the results of 

the other examination. The results of the two methods were compared after both were 

completed. It was the aim of the study to compare the two methods in an environment 

mimicking the daily life in a department of diagnostic radiology (Abrams et al. 1987, 

Freedman 1987). 

One year after the present study was completed the patients were matched against the 

biopsy register of the pathology department and with the diagnosis registry of our 

hospital to search for tumours that could have been overlooked by both methods or 

developed after the study was completed. 

Statistical methods 

The data were analysed by using the generalized kappa value (Article II). Values greater 

than 0.75 may be taken to represent excellent agreement beyond chance, values 

between 0.75 and 0.40 as fair to good, and values below 0.40 as poor agreement 

beyond chance (Fleiss 1981). 

Sensitivity, specificity and positive predictive value (Articles m and VI) were defined 

according to Galen et al. (1975). 

15 



Summary of the published articles 

Article 1. 

The value of urography and ultrasonography in the preoperative evaluation of a non-

selected group of 62 women with planned hysterectomy was assessed. The results 

indicate that there was good correlation between the methods in evaluating the degree of 

hydronephrosis. Duplex renal pelvis was overlooked in two kidneys by 

ultrasonography. The results indicate that ultrasonography may replace urography as a 

preoperative investigation prior to hysterectomy without decreased diagnostic yield. 

Article 0 

In a prospective study intravenous urography and ultrasonography was compared in 

125 women with recurrent urinary tract infection. The median age was 62 years (range 

15-85). In 59 patients both methods agreed on negative results. There was good 

correlation between the two methods in detecting hydronephrosis, calculi and urinary 

bladder diverticulae. Renal scars were detected in 12 patients, of which 

ultrasonography overlooked 4 and urography 2, and both methods agreed in 6 patients. 

Of 2 urinary bladder tumours one was overlooked at urography. The conclusion is that 

ultrasonography should replace urography when radiological screening of the upper 

urinary tract is considered necessary in patients with urinary tract infection. 

Article III 

The diagnostic value of ultrasonography (US) and intravenous urography (1VU) was 

compared in a prospective study comprising 123 consecutive patients with severe acute 

flank pain of less than 72 hours' duration. US was performed transabdominal^ with a 

5 MHz sector real-time transducer. Ureteral calculus was considered the final diagnosis 

in 46 patients, of which 35 with and 11 without accompanying hydronephrosis. 

Ureteral calculi were correctly diagnosed by US in 17 patients (sensitivity 37%). If 

hydronephrosis with or without calculus is included as a positive sign of ureteral 

calculus, a correct diagnosis was suggested by US in 34 patients (sensitivity 74%). US 

is a valuable method in patients with previous contrast media reactions, but urography 

is recommended as the standard imaging method when renal colic is clinically 
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suspected. 

Article IV 
Microscopic hematuria was the indication for referral in 194 patients examined with 

ultrasonography and urography. Of 16 expansile lesions described at urography, one 

renal cancer was detected by both methods while the other lesions were benign. The 

studied population is too small to draw firm conclusions, but the results indicate that 

ultrasonography would offer advantages compared to urography by excluding 

unnecessary further imaging examinations or biopsy. A muiticenter study in patients 

with microscopic hematuria is necessary in order to obtain significant differences 

between the two examination modalities. 

Article V 

One hundred and six patients presenting with macroscopic hematuria were examined 

both with ultrasonography and urography. No upper urinary tract tumours were 

discovered. At cystoscopy 6 patients had urinary bladder tumours of which 2 were 

detected at urography and 6 at ultrasonography. The results strongly advocate the 

necessity of examining also the bladder when examining patients with macroscopic 

hematuria by ultrasonography. 

Article VI 

Ultrasonography was performed during 1306 examinations in 1168 patients referred 

for urography for various reasons (no indication was excluded) during one year. Eight 

renal cell tumours in 7 patients and 4 renal pelvic tumours in 4 patients were detected. 

Of 63 expansile lesions and pelvicaiyceal filling defects described, urography detected 6 

renal cell tumours in 6 patients as expansile lesions, 3 renal pelvic tumours as filling 

defects and 1 renal pelvic tumour as a non-functioning kidney. Of 23 solid tumours and 

atypical cysts described by ultrasonography, eight were renal cell carcinomas. Two 

renal pelvic carcinomas were described as tumours and one as hydronephrosis. One 

renal pelvic carcinoma was overlooked by US. In the studied population no difference 

between the two methods in detecting renal or renal pelvic tumours was observed. 
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General discussion 

Design 

In more than one way the introduction of a new diagnostic method resembles the 

introduction of a novel drug. It should undergo testing in different phases in man after 

it has been tested in experimental animals. It should also be tested against established 

methods and ideally a "golden standard" should be established (Abrams et al. 1987, 

Freedman 1987, Cooper et al. 1988). The present study was performed to compare the 

clinical value of urography and ultrasonography in a non-selected group of patients 

referred for urography to a university hospital. The two examinations were performed 

on the same day immediately subsequent to each other, and the examiners were without 

knowledge of the results of the other method. Urography was performed as part of the 

normal routine in the department and ultrasonography was performed by the author in 

all patients, using approximately 15 minutes for each. The aim was to perform the 

ultrasonography like the normal routine in the department, and not to compare 

urography to ultrasonography at its best. 

Orographic method 

The technique of urography has been thoroughly developed and simplified in our 

department (Gbthlin et al. 1986, Gothlin et al. 1988). 565 > xcretory urograms 

performed in our department were reviewed (Gothlin et al. 1986). The referral 

diagnoses were: neoplasms, hematuria, infectious disease and hypertensive disease. 

The films were reviewed in the following sequence: 

1. Post compression 35 x 43 cm antero-posterior film 

2. 0-1-2-5 minute post injection 24 x 30 cm films 

3. 5 minute film with ureter compression applied 

4. Oblique views, tomographic sections, other special projections 

5. Additional films desirable for an absolutely confident diagnosis and also films 

otherwise considered unnecessary. 
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In no patient was an essential abnormality overlooked when using the post-

compression film only, but specific diagnoses could not always be made. Additional 

films increased specificity and increased the level of confidence to a high degree. The 

immediate post injection films could be replaced by post compression films in 134 

cases, but was desired in 331 patients. The 10 minute post-injection film gave 

additional information in 339 examinations because it showed a fully distended 

pelveocalyceal system. Tomograms were deemed necessary in 35% of the cases when 

immediate post injection film were not available, when gas/faeces obscured the 

evaluation, or when optimal compression was not obtained. Oblique projections did not 

increase the information in any case without calcifications (Gothlin et al. 1986). 

In a series of 45 urograms (Hillman et al. 1979) neither the diagnostic accuracy nor the 

sensitivity increased significantly by increasing the number of routine films above the 

post compression film. However, additional films increased the specificity from 69 to 

80%. In another report on 200 urograms it was stated that no false negative call was 

made but uroradiologic experience did aid in detailing pathology (Schey et al. 1981). 

Tomography has been reported necessary for the detection of renal neoplasms (Butler et 

al. 1981, Green et al. 1973, Lloyd et al. 1978). In conclusion, the optimal urography 

was considered the method applied in our study. Tomography and compression was 

used only when there was suspicion of renal tumours (that means when hematuria in 

absence of acute flank pain was present) and infection in order to get a better outline of 

the pelveocalyceal system (Mawhinney 1987) and to detect expansile lesions (Greene et 

al. 1973, Lloyd et al. 1978). In patients where the main indication was calculus or 

obstruction an even more simplified method was performed, a 3 image method without 

tomography and compression (Gothlin et al. 1986). 

Ultrasonographic technique 

When comparing the two methods one must remember that urography is mainly a 

projection method. A romgen beam is projected through the body and the image is a 

summation of structures between the beam source and the film. Ultrasonography is a 

cross-sectional method. It needs an echogenic medium to pass through. In renal 

sonography the right kidney is visualized through the the right liver lobe and the left 
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kidney through ihe spleen. The lower poles are often difficult to visualize. When 

examining the kidneys it is easier to use a sector scanner than a linear one to scan 

between the ribs. 

The ultrasonographic image of the normal kidney has been well described (Carter er al. 

1985, Marchal et al. 1986). The kidney is composed of 12 to 18 anatomically separate 

lobuli, each lobulus consists of a medullary pyramid and a covering cortex. The cortex 

is normally somewhat more echo-rich than the medulla, which is explained by the more 

complex histologic architecture of the cortex, leading to a greater number of acousdc 

interfaces than in the medulla (Marchal et al. 1986). The two structures are separated by 

the echogenic arteriae arcuatae. The renal sinus is more echogenic than the cortex and 

contains the excretory system, calices and pelvis, the vascular and lymphatic system 

and variable amounts of fat. With age there is a gradually increasing interstitial fibrosis 

of the medulla and the cortex/medulla index increases. 

Obstruction and hvdrnnenhrnsis 

Throughout the whole study standard definitions of hydronephrosis were used for both 

IVU and US. At urography a descriptive definition was used (Ellenbogen et al. 1978) 

and for ultrasonography a numeric (Peake et al. 1983). With descriptive definitions 

Ellenbogen et al. (1978) and Talner et al. (1981) found excellent correlation between 

the two methods in azotemic patients, and so did DallaPalma et al. (1983) in patients 

with normal renal function. However, this does not mean that an obstructed kidney is a 

hydronephrotic kidney (Kamholtz 1989). Several cases with obstruction and minimally 

dilated renal pelvices have been published (Harrison et si. 1979, Korobkin et al. 1978, 

Lallietal. 1977, Lyons et al. 1988, Maillet et al. 1986, Naidich et al. 1986, Rascoff et 

al. 1983). 

On the other hand a dilated renal pelvis may not be obstructed. Congenital 

megacalicosis is accepted as a non-obstructive cause of upper urinary tract dilatation for 

which surgery is inappropriate (O'Reilly 1989). Both urography and ultrasonography 

are descriptive methods and cannot always differentiate between obstruction and 

hydronephrosis. The addition of ultrasound doppler might be valuable (Gottlieb et al. 
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1989, Platt et al 1989. Scola et al. 1989). 

Whilaker (1973) described a direct method for distinguishing an obstructed from a non-

obstructed hydronephrotic ureter. The method requires a nephrostomy tube which is 

perfused with saline under pressure control. The correlation between this direct method 

and isotope renography is described (O'Reilly et al. 1978). However neither method is 

sufficient to discriminate between significant and non-significant obstruction (Poulsen 

etal. 1987) 

When comparing ultrasonography with urography in a situation with a conjectured, 

gradually increasing obstruction there was an excellent correlation between the two 

methods in depicting the degree of hydronephrosis (Article I). In patients with abrupt 

obstruction (Article III) the correlation between the methods were also good. Of 35 

patients with acute flank pain and detected hydronephrosis at urography, US detected 

34 and suggested hydronephrosis in another 4. There is most likely a time relationship 

in the development of hydronephrosis. From animal experiments it is known that acute 

ureter obstruction leads to an increased intrapelvic pressure (Ryan et al. 1987), 

however, little is known of the correlation between pressure and dilatation. The results 

of the study indicate that in patients with 1. pelvic tumour, and 2. acute flank pain, 

there is good correlation between the methods in detecting hydronephrosis. 

Renal and ureteral calculi 

Articles II and III. 

The ultrasonic appearance of renal calculi has been thoroughly described (Edell et al. 

1978, Juul et al. 1987, King et al. 1985, Middleton et al. 1988, Pollack et al. 1978) 

However, pitfalls exist Both artery calcification (Kane et al. 1983) and renal pelvic 

cancer (Janetschek et al. 1988) are reported to produce an echo partem similar to renal 

calculi. On the other hand, non-opaque calculi may be overlooked at urography 

(Pollack et al. 1978). This is especially the case with uric acid calculi, which comprise 

approximately 8% of all renal stones in USA (Prien 1974). 

The present study (Article III) confirms that US has a low sensitivity in detecting 
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ureteral calculi in a population referred for acute flank pain (37 %). In a prospective 

study of 157 patients with and without colic pain a US sensitivity of 68 % was reported 

in detecting ureteral calculi (Saitaetal. 1988). In a group of patients with acute flank 

pain Hill et al. (1985) reported a sensitivity of 63 %. Ohnishi et al. (1986) reviewed 51 

patients with calculi in the distal ureter, of which 32 had equivocal urographic findings. 

Transabdominal US revealed calculi in all cases, of which 26 were legalized in the 

ureterovesical junction and 6 near the sacro-iliac joint. In die present study it was 

difficult to detect calculi in a non-dilated ureter at the height of the sacro-iliac joints, 

even when re-examining the patients subsequent to urography. It was generally not 

possible to follow a normal appearing ureter from the lower pole of the kidney to 5 cm 

above the ureter orifice. 

The higher sensitivity in the earlier mentioned studies may possibly be due to a more 

refined ultrasonographic method. Several of the calculi described were detected in the 

middle part of the ureter, and thus giving a higher sensitivity. It may also be due to 

selection biases in retrospective materials. 

Ultrasonographic diagnosis of calculi by is based on two criteria, a hyperechoic focus 

and a marked acoustic shadow. The distal ureter is readily visualized through a well-

distended bladder and can be localized by the jet arriving from the ureter orifice as a 

result of a peristaltic wave. Calculi lodged in the ureterovesical junction can be detected 

(Hill et al. 1985, Ohnishi et al. 1986). The detection of hyperechogenicity is non

specific because there are strong acoustic interfaces between urine and the h adder wall. 

The production of an acoustic shadow is dependent en several factors, calcul ts size, 

transducer construction and focus, the distance and tissue between calculus -nd 

transducer (King et al. 1985). The shadow is best produced with the calculus in focus. 

In our experience, in a full bladder there is often a distance longer than 10 cm between 

transducer and ureteral orifice, and that is beyond the focus of most commercially 

available US systems today. A semi-filled bladder will therefore give optimal 

examination conditions. 

The demonstration of calculi in the pelvis at urography is often difficult due to 

phleboliths, bowel contents and bony structures. False negative urographies have been 

described (Hill et al. 1985). To ensure correct diagnosis additional oblique projections 

ft 
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may be required wiih a considerable radiation dose 10 the gonads in female patients. In 

the present study (Article III) in one patient with hydronephrosis and non-visualization 

of the ureter the diagnosis of calculi was based on ultrasonography only. 

Transabdominal ultrasonography of the urinary bladder 

The present study was not designed to compare transabdominal US with cystoscopy in 

detecting bladder rumours. Ultrasonography has been utilized to study recurring 

bladder cancer. Brun et al. (1984) were able to detect 34 of 49 bladder cancers in 95 

patients. Eleven of the tumours were less than 5 mm in diameter, and the authors 

concluded 5 mm to be the limit for detection of bladder tumours at ultrasonography. In 

the present study (Article IV) 3 of the urinary bladder neoplasms were detected, all 

were confirmed as malignant tumours. US and IVU agreed in one. One 4 cm tumour 

was detected by US only in a female patient, whose main complaint was pollakisuria 

and recurrent urinary tract infection. One tumour detected at IVU was overlooked by 

US because the patient was examined with an empty bladder. 

Even if cystoscopy is superior in the diagnosis of bladder tumours, we mean that at 

transabdominal ultrasonography of the urinary tract, the bladder should always be 

examined to guide subsequent cystoscopy and to avoid unnecessary further imaging. 

l lnper urinary tract cancer 

Renal adenocarcinoma 
Renal adenocarcinoma appears with a frequency of approximately 2% of the malignant 

tumours in the adult. Most renal adenocarcinomas occur in the 5th and 6th decade, with 

a male/female ratio of 3:2 (The cancer registry of Norway 1984). It is, however, 

reported as early as age 6 months (Scotti 1939). The presenting symptoms of renal 

adenocarcinoma vary considerably and the so-called classical triad of hematuria, flank 

pain and abdominal mass is a sign of late disease. In a review of 130 patients 

presenting from 1957 and 1977 Waters et al. (1979) found these symptoms in only 4 

per cent. Hematuria was the initial symptom in 52%, flank pain in 38%, metastases in 
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21 %, mass 21 % and no symptoms in 23%. All tumours were detected by urography. 

With the introduction of ultrasonography and computed tomography the frequency of 

incidental rena! tumours has increased. A higher frequency of small renal cell 

carcinomas (Smith et al. 1989), has made partial nephrectomy a therapeutic altematr. e 

in selected patients groups (Anonymous 1988), but a longer life expectancy has not 

been reported. 

Detecting renal cell cancer 

Articles IV and VI. 

It has been common to differentiate renal carcinoma from renal adenoma by measuring 

the diameter and to call tumours smaller than 3 cm adenomas (Bell 1950). However, in 

a review Bennington and Beckwith (1975) concluded that there is no histological or 

biological differences between the two entities. The concept of renal adenoma was 

adopted when small rumours were detected only at necropsy. With the advent of CT 

and ultrasonography it has been evident that small renal tumours are overlooked at 

urography (Demos et al. 1985, Glen et al. 1989, Kass et al. 1983). 

In the present study (Article VI) renal cell carcinomas were detected in 7 patients. 

According to Robson et al. (1969) tumour stage 1 was revealed in 6 patients and stage 

4b in one. Tumour diameters varied from 2 to 15 cm. All renal cell carcinomas 

described by 1VU were detected at US, and US suggested one not demonstrated at 

IVU. Renal pelvis carcinomas were detected in 4 patients. All renal pelvis carcinomas 

were detected by IVU and one was overlooked by US. After an observation period of 

one to two years no additional renal or renal pelvic carcinomas were diagnosed in the 

studied population. 

Expansile lesions were reported at urography in 62 patients (Article VI), of which 34 

had simple cysts at US and were not further investigated. Eleven patients had cysts 

larger than 5 cm, 16 cysts 3-5 cm and 7 had cysts 2-3 cm in largest diameter. No cysts 

smaller than 2 cm were obser^-d at IVU. Various lesions not considered simple cysts 

were diagnosed in 28 patients. In 18 of them the final diagnosis was considered non-

malignant. Two renal cell carcinomas in one kidney were overlooked by IVU. The 

sensitivity of urography for both tumour types was 91%, specificity 96% an i positive 
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predictive value 16%. 

The present study (Article VI) indicates that there are no significant differences between 

IVU and transabdominal US in detecting (sensitivity) renal cell carcinomas with the 

dimensions usually demonstrated at diagnosis. However, two tumours less than 3 cm 

diameter in one kidney were overlooked by IVU. One was diagnosed as a solid tumour 

and one as an atypical cyst by US. 

Earlier studies have reported cases of renal tumours overlooked at urography. Thus 

Kass et al. (1983) reported 4 patients in whom 2-4 cm renal tumours where overlooked 

at IVU. Demos et al. (1985) reviewed the records of all patients with renal carcinomas 

treated at a university hospital over 7 years and found that 4 out of 68 tumours were 

initially overlooked at urography (sensitivity 94%). The diameter was 2.5-4 cm. Glen 

et al. (1989) reviewed the records of patients with renal carcinomas in a 3 years period 

and found 3 of 62 tumours overlooked at IVU (sensitivity 94%). The tumour diameters 

were 3, 4 and 5 cm, respectively. In all three studies urography with tomography was 

performed. In a prospective study Warschauer et al. (1988) compared US to IVU with 

tomography and compression in 133 patients referred for hematuria. Both methods 

succeeded in detecting three tumours 3, 6 and 20 cm in diameter. The studies support 

the concept that US and IVU are equally sensitive in detecting renal cell carcinomas 

appearing in a Western urban population. 

The distinction between benign and malignant tumours at urography is not specific. An 

expansile lesion was reported by IVU in 16 patients and only one of them was a renal 

cancer. Furthermore, in 12 patients with simple benign cyst as a sole finding at US, 

rVU was reported normal (Article IV). In the present study (Article VI) expruisile 

lesions or filling defects suspected to be renal pelvic tumours were detected at IVU in 

62 patients, 10 of which turned out to be malignant tumours and one an abscess 

requiring ireatmer... In 5.2 patients additional tests were required to exclude a neoplasm 

diagnosis providing a positive predictive value of 16 %. 

In a review article. Brooks (1988) reported that in routine use of IVU for benign 

prostatism, 12.6 cysts were found for every renal cancer detected. Routine use of IVU 

in examination of patients with microscopic hematuria might be considered a screening 
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procedure. However, a positive predictive value of 16% in detecting renal tumours is a 

low value and is not accepted in other screening procedures, e.g. mammography. If the 

patient is not immediately re-examined with US after an 1VU positive for an expansile 

lesion, severe anxiety can arise. In summary, in detecting renal cancers intravenous 

urography is not a specific test. 

In the present study (Article VI) ultrasonography suggested solid tumours or atypical 

cysts in 23 patients of which 7 had renal cell carcinoma. Atypical cysts requiring further 

investigation were detected in 7 patients by US. One 2 cm hyperechoic tumour was 

detected in one patient. The tumour had a density of -30 Hounsfield units at CT, and 

was "onsidered an angiomyolipoma. Biopsy was not performed. US suggested solid 

tumours in 4 patients in which CT was normal. One patient had a 3 cm tumour of the 

upper right kidney described by two independent ultrasonographers. CT was 

equivocal, but the surgeons decided not to operate. 

The diagnosis of tumour at ultrasonography requires a thorough knowledge of the renal 

architecture. The most important finding is a bulging of the renal contour or distortion 

of the central pyelovascular complex. There are however several nonneoplastic 

conditions that can give this, e.g. hypertrophied columns (Lafortune et al. 1986, 

Leekam et al. 1983, Prando et al. 1984), compound pyramids (Jones et al. 1987), 

malrotation (Lubat et al. 1988), lateral humps adjacent to the spleen (Weill et al. 1987, 

2), and peripelvic cysts (Amis et al. 1988). 

The echo pattern of the tumours may help in diagnosing them (Taylor et al. 1989). 

However, in a review o! 45 tumours Weill et al. (1987,2) found that 89 % were 

isoechoic or slightly hyperechoic compared to the adjacent renal parenchyma In our 

experience ultrasonography can distinguish renal cysts with a diameter of 5 mm and 

discover angiomyolipomas with a diameter of 2 cm. These tumours, however, are on 

the edges of the echogenic spectrum, as cysts can be anechoic and angiomyolipomas 

highly echogenic. In in-vitro models several authors have tried to determine the 

ultrasonic characteristics of various tissues. One has tried to determine attenuation 

(through transmission, the decrement of echo amplitude with increasing range), the 

speed of sound and acoustic impedance (product of speed and tissue density). Despite 

great efforts there has been little clinical application of this research in renal imaging 
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(Hricak ei al. 1982, Platt et al. 1988, Rosenfield et al. 1981). Tumbull et al. (1989) 

compared tissue velocities, attenuation coefficients and back scatter coefficients in 15 -

70 mm renal cell cancers to (hese of normal renal cortex tissue and found no significant 

differences. Only angiomyolipomas and papillary carcinomas had significantly different 

ultrasonic values. It is therefore not likely that renal cell carcinomas smalier than 2 cm 

should be easily detected by ultrasonography. Image inspection by trained radiologists 

remains the cornerstone of diagnosis (Tailor et al. 1989). The addition of colour 

doppler may possibly help in the diagnosis of renal tumours (Rubin et a'. 1987). 

During the last few years small tumours have been incidentally detected by 

ultrasonography arid CT (Curry et al. 1986) and the question of screening a whole 

population with transabdominal ultrasonography has been raised. However, the 

incidence of renal cancers is low and the specificity of ultrasonography is low and 

nobody has proved a longer life-expectancy with early diagnosis. The discussion is 

much parallel to the discussion of mammography screening (Love et al. 1981, Eddy 

1983). 

Transitional cell cancer of the upner urinary tract. 

Urothelial tumours of the upper urinary tract, which comprise ureter and renal pelvic 

carcinomas, are uncommon. In Norway, with a population of about 4 million, 89 new 

tumours were detected in 1985 (Incidence of cancer in Norway 1985 >. The incidence is 

one fourth of renal cancer. The tumours are most often diagnosed in the 6th and 7th 

decade, and the relation between bladder and upper urinary tract tumours is well-known 

(Batata et al. 1975, Grabstald et al. 1971). 

Several risk factors have been assumed: phenacetin abuse (Bengtsson et al. 1968) and 

tobacco smoking (Bennington and Beckwith 1975). A causal relationship between renal 

pelvic cancer and retrograde pyelography with Thorotrast has been reported (Madsen et 

al. 1985,VerhaaketaI. 1974). 
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Ureter cancer 

Examination of the normal ureter through a gas-filled bowel is difficult, often 

impossible. It may therefore seem odd to try to detect ureteral tumours with 

transabdominal ultrasonography, but in a retrospective analysis of 41 ureter tumours 

unilateral non-visualization at urography was observed in 46% and hydronephrosis in 

more than 34%, and theoretically over 80% of the ureter cancer would be visualized by 

ultrasonography at the time of diagnosis (Batata et al. 197S). 

Renal pelvic cancer 

The sonographir appearance of renal pelvic tumours has been described (DallaPalma et 

al. 1984, Grant et al. 1986, Subramayam et al. 1982). In a retrospective study 

DallaPalma et al. (1984) reviewed 22 patients with renal pelvis tumours examined with 

both US and IVU. Ultrasonography was able to detect pathology in 16 of 22 

(sensitivity 72 %). IVU revealed filling defects or calyx amputation in 19 of 22 and 

non-functioning kidneys in 3. It is not stated what information the ultrasonographer or 

radiologist had and which examination was performed first. However, this report 

indicates that the diagnosis of renal pelvic tumour* is difficult at US and that 30 % of 

the renal pelvic tumours may be overlooked at an initial sonography. In the present 

study 4 renal pelvic tumours were diagnosed of which IVU detected all, and US was 

inconclusive in one case (Article VI). 

Hematuria and unner urinary tract cancer 

Microscopic hematuria 

Article IV 

A 1-13% prevalence of asymptomatic microscopic hematuria has been reported (Mohr 

et al. 1986). Hematuria is detected on routine exams, commonly widi test sticks. The 

value of screening for hematuria is questioned (Haug et al. 1985, Holmquist et al. 

1984). Different algorithms have been proposed for further follow-up, including 

cystoscopy, IVU, US, CT and angiography (Corwin and Silverstein 1988). 

In a population based study Mohret al.(1986) found an incidence of 0.4% of upper 
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urinary neoplasms in otherwise healthy subjects with microhematuria Ii is not stated 

what method was used for detection, but a combination of IVU, US and CT is most 

likely. The reported population was referred for asymptomatic microscopic hematuria, 

excluding other causes like coexistent infections and abdominal pain. In the present 

study (Article IV) the only exclusion factor was hematuria associated with acute flank 

or abdominal pain lasting for less than 72 hours. No attempt was made to exclude other 

co-existent risk factors. However, the prevalence of pathology described at IVU in the 

present study (Article IV) is in accordance with Mohr et al. (1986). 

Corwin and Silverstein (1988) using a computer model calculated a great economic 

saving when replacing IVU with US as the initial evaluation of patients with 

microscopic hematuria. Geitung et al. (1988) have calculated the costs of 1VU and US 

in our department in 1987. The costs of US was NOK 434, IVU with high osmolar 

contrast media NOK 8 IS and with low osmolar contrast media NOK 1588. The 

expenses used on finding one renal cancer in the studied population with US (Article 

IV) was NOK 83.762, IVU with high osmolar contrast media NOK 157.874 and with 

high osmolar contrast media NOK 306.484. Even when re-examining with IVU all 

patients with hydronephrosis and calculi initially detected ai US. mere uould be great 

savings with a minimal loss of information using US as initial examination. 

Macroscopic hematuria 

Article V 

Macroscopic hematuria is generally considered an ominous symptom prompting a 

thorough investigation of the upper and lower urinary tract. In contrast to microscopic 

hematuria, which most often is detected incidentally during life insurance control, 

employment control or simply during a health check, macroscopic hematuria is a 

presenting symptom. Cystoscopy has been considered the most sensitive investigation 

of the bladder and urethra, and IVU has been the cornerstone examination of the upper 

urinary tract. 

Six urinary tract tumours were detected in the present study (Article V). All were 

urinary bladder tumours confirmed by cystoscopy and histology. Two were known 

because of previous cystoscopy and were detected by both IVU and US. In four 

patients, in whom cystoscopy was performed after the upper urinary tract examination. 
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the bladder tumours were detected by US only. In a retrospective study Mathiesen 

(1984) found a 17% incidence of renal and urothelial tumours in 187 patients referred 

for macroscopic hematuria to a university hospital. Four per cent had renal tumours, 

4% had renal pelvic and 9 % had bladder tumours. 

Lee and Davis (1953) reviewed 1000 patients referred with gross urinary hemorrhage. 

Thirty-five patients (3,3%) had renal tumour and 7 (0.7%) had ureter tumour. Bladder 

tumours were delected in 149 (14.9%) patients. The incidence difference of upper 

urinary tumours could be explained in selection biases in the retrospective material. The 

reported incidence of bladder tumours are in correspondence with the rate detected in 

the present study. 

Calculi were observed in 15% of the patients in our study compared to 10% in the 

hospital series of Mathiesen (1984). The detection of calculi are important as an 

explanation for hematuria, but the discovery of calculi and anomalies will always be 

secondary in importance to the detection of tumours. 

The number of patients in this study was too low to detect any significant differences 

between US and IVU in detecting upper urinary neoplasms. The solution to this 

problem could be to arrange a multi-center study including a large number of patients 

with macroscopic hematuria. 

Waters et a!. (1979) reviewed the initial symptoms of 130 patients with renal cell 

carcinoma from 1957 to 1977. Gross hematuria was the presenting symptom in 52%. 

Konnack et al. (1985) compared the presenting symptoms of 56 patients with renal 

carcinoma between 1961 and 1973 with 46 patients presenting between 1981 and 1984. 

Twenty eight patients (50%) of the former group presented with hematuria compared 

with fifteen patients (32%) in the latter group. 

Hematuria with or without flank pain has been considered the cardinal symptom of 

ureter cancer. Murphy et at (1980) reviewed 49 patients with grade 1 ureter carcinoma. 

Macroscopic hematuria was the initial symptom in 67 %, pain in 20 %, pain and 

hematuria in 6%. Anderstrom et al. (1989) reviewed 49 patients with ureter cancer, in 

which painless gross hematuria was the initial symptom in 29 (59%). 
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Nielsen et al. (1988) reviewed 36 patients with tumour of the renal pelvis. Thirty-three 

(92%) presented with macroscopic hematuria. The reported frequencies of hematuria 

thus vary widely. 

Macroscopic hematuria is relatively frequently associated with transitional cell 

carcinoma of the upper urinary tract. Urography is superior to ultrasonography in 

detecting these tumours and should therefore be included in the initial investigation. 

Age and upper urinary tract cancer 

Renal cell cancer and particularly ureter and renal pelvic cancer are diseases of the 

elderly population. From 1982 to 1985 343 renal pelvic and ureter cancers were 

detected in Norway. Only 19 patients (5.5%) were below 50 years (Incidence of cancer 

in Norway 1982-85). Of 1563 renal cell cancers detected in the same period, 136 

patients (8.7%) were below 50 years. Of 155 patients with upper urinary tract cancer 

12% had transitional cell cancer and 88% had renal cell cancer. The sensitivity of 

ultrasonography is lower than urography in detecting transitional cell cancer of the 

upper urinary tract (Article VI), but the sensitivity in detecting renal cell cancer is equal 

or better with ultrasonography (Article VI). When balancing enhanced sensitivity with 

cost pro detected carcinoma it seems reasonable to screen patients below 50 years with 

ultrasonography only. 
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Conclusions and clinical implications. 

1 Intravenous urography remains the cornerstone imaging examination in the evaluation 

of ureteral calculi, ultrasonography is a valuable adjunct in cases of non-visualization 

of the kidneys, in distal obstruction where there reason for hydronephrosis cannot be 

ruled out by urography, and known contrast media allergy. 

2. When women with recurrent urinary tract infection are referred for imaging of the 

urinary tract, ultrasonography should be used. 

3.Ultrasonography should replace urography for screening of non-acute hydronephrosis 

like in female genital cancer and benign prostate hyperplasia. 

4.There is good correlation between urography and ultrasonography in assessing the 

degree of hydronephrosis. However, more research on the relationship between 

hydronephrosis and obstruction is necessary. 

5.Ultrasonography should be used as the only imaging method of the upper urinary tract 

in patients with microscopic hematuria. 

6.1n patients less than SO years presenting with macroscopic hematuria, ultrasonography 

should be used as the only imaging of the upper urinary tract, and an examination of 

the urinary bladder should be included. In patients over 50 years urography supplied 

with ultrasonography should be used, but more research is necessary on the subject of 

imaging method and age. 
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ULTRASONOGRAPHY VERSUS UROGRAPHY AS PREOPERATIVE 
INVESTIGATION PRIOR TO HYSTERECTOMY 

Aslak Aslaksen, Jan Herman Gothlin, Jonn Terje Geitung and Carsten Anker 

From the Departments of Diagnostic Radiology and Obstetrics and Gynecology, University of Bergen, 
Bergen, Norway 

Abstract. Ultrasonography (US) has been compared wi th urography (IVUI as a 
preoperative investigation prior to hysterectomy in 62 patients. In 38 patients the 
urinary tract was deemed normal by both US and IVU. US and IVU coincided in varying 
degrees of hydronephrosis in 8 patients and disagreed in one. Of 5 double ureters, US 
missed 2. IVU showed expansile lesions in 5 kidneys where US showed benign cysts. 
No severe contrast media reactions were observed. We recommend that preoperative 
urography should bé replaced by preoperative ultrasonography when a screening ex
amination of the upper urinary tract morphology is deemed necessary prior to 
hysterectomy. 

Abbreviations: US: Ultrasonography, IVU: Intravenous urography, HN: Hydronephrosis 
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For many years, intravenous urography (IVU) has been 
considered a standard preoperative investigation prior 
to surgery tor gynecologic tumors. The reasons for 
performing a preoperative urography has been to 
discover congenital anomalies that could be of conse
quence for surgery, assess differences in contrast 
media excretion (function) between the two kidneys, 
estimate the degree of stasis in the upper urinary tract 
(important in carcinoma cervicis uteri where the 
distinction between stages T3a and T3b (or FIGO 
stage [II b) is determined by the degree of hydrone
phrosis), and to delineate the ureters (1,2,3,4). 

Recent articles dealing with the financial conse
quences of such a procedure question the clinical value 
of a preoperative IVU in all patients prior to hysterec
tomy (5,6,7). The present investigation was performed 
to determine if the less expensive ultrasonography 
(US) can replace IVU prior to hysterectomy. 

MATERIAL AND METHODS 

During one year, ail patients referred for IVU to the 
radiological department, were also examined by real time US 
of the urinary tract. Sixty-two women were referred with the 
preoperative diagnosis pelvic tumor and planned surgery. 
Their median age wis 60 years, range 20—89 years. The 
preoperative diagnosis are listed in Table I. 

IVU was performed as previously described (8) with a 
35 x43 cm film covering the kidney:, and the bladder. A 5-min 
(24x30 cm)and a 15 rninpostinjeciion film 0^x4.1 cm) were 
obtained. Further radiograms were obtained in cases of im

paired renal function caused by obstruction. Metrizoate 
(Nycomed,s, 440 mg I/ml) 50 ml was utilized in 57 patients, 
iohexol (Omnipaque®, Nycomed, 300 mg I/ml) 50 ml in 2 pa
tients and oxaglate (HexabrixE, Guerbet, 320 mg I/ml) in 3 
patients. The urograms were interpreted as par: of the normal 
routine in our Department, that means it was reported by one 
consultant in the uroradiology section. The original reports 
have been used for the comparison with US, mimicking the 
clinical situation. 

The IVU results were routinely reported to the referring 
clinician, the US «suits only when abnormal. US was per
formed by one physician (A.A.) with a real-time scanner 
(General Electric RT 3000) with a 5 MHz sector phased array 
transducer (9). All the examinations were stored on video tape 
to permit review of the dynamic examination. The patients 
were examined in supine and oblique positions, preferably 
with a well distended urinary bladder. 

Both the investigator performing the US and the 
radiologist describing the IVU had access to the information 
provided by the referring clinician. Both examinations were 
performed without knowledge of the results of the other ex
amination. 

The IVU definition of hydronephrosis was: Mild: subtle-
obvious distention of the forntces or caliees but the papillae 

Table I The preopera t ive d iagnosis of 6 2 pa t ien ts 

Diagnosis No ol patients 

Carcinoma cervicis uteri 1 2 
Carcinoma corporis uteri 4 
Tumor ovarii 18 
Tumor pelvis not specified 21 
Myoma uteri 6 
Tumor ovarii and myoma uteri 1 
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still easily identified, Moderate: Cahces ballooned outward 
and papillae barely «.ibible; Severe: Marked hydronephrosis 
with a sac-like collecting system (10). 

Classification or hydronephrosis by US was done by 
measuring the maximum caKv diameter: No hydronephrosis 
0—5 mm, mild Indionephrosis 6—!0 mm. moderate hydro
nephrosis U—15 mm, severe hydronephrosis <16 mm 
diameter (II). 

Calculi at US were defined as hyperechoic foci with a 
definite acoustic shadow in two planes. Suspected calculi 
with a diameter of 2 mm or less were not reported as positive 
findings. Duplication of the renal pelvis was suspected at US 
when there was a bridge of parenchyma with a renal cortex 
cchopattern splitting the pyelovascular central complex (9). 
Only the upper urinary iraci and bladder were examined. No 
attempts were made to assess the stage and nature of the 
pelvic tumor. 

RESULTS 
In 38 patients the upper urinary tract was deemed nor
mal at both US and IVU. In 8 patients US and IVU 
coincided in various degrees of hydronephrosis. One 
of the patients had a non-functioning left kidney at 
IVU, and US showed severe hydro-nephrosis (Table II). 
The ureters could not be visualized by US, and thus the 
level of obstruction could not be assessed. 

In one patient with an endometrial cancer there was 
a discrepancy between the two methods. US showed a 
calyx diameter of 6 mm (limit 5 mm) in the right 
kidney and IVU reported a high off-spring of the 
ureter on the same side, but no hydronephrosis. 

Five double ureters in 3 patients were detected by 
IVU, while US demonstrated 3 double renal pelvices in 
2 patients and wrongly suggested a double pelvis in one 
kidney described normal at 1VU. 

IVU showed expansile lesions in 5 kidneys in 4 pa
tients where US showed benign cysts. 

One 3 cm angiomyolipoma and two cysts were 
discovered by US in 3 patients judged normal by IVU. 

One 8 mm calculus in the lower pole of the right 
kidney was overlooked by US in a patient with ascites. 
This calculus was evident when reviewing the video

tape. One patient with a stage 3 endometrial cancer 
had multiple hyperechoic foci throughout both 
kidneys at US. The urogram revealed no pathology and 
no further investigation was performed. 

One patient with senile dementia was assessed as not 
suitable for US. 

Two patients who recieved metrizoate injections had 
nausea registered as a mild contrast media reaction. 
No severe reactions occurred. 

DISCUSSION 

The investigated population is an unselected group of 
patients examined prospectively. The incidence of con
genital anomalies in this group of patients is 
3/62 = 4.8%. Klissaristos et al (2) reported an in
cidence of congenital abnormalities of 2.0% in a 
group of 1469 patients reviewed retrospectively. Roden 
et al. (1) found 5.2%. 

The incidence of hydronephrosis in our series was 
9/62 with a very good correlation between 1VU and 
US. The US accuracy in diagnosing varying degrees of 
hydronephrosis is well established (10). In the patient 
where IVU and US differed there was only a slight ab
normality and this would not have affected :iierapy. 

No severe contrast media reactions were observed in 
this siudy. Although new low-osmolar contrast media 
are more comfortable and probably safer than the 
high-osmolar types, there \s still a risk of severe 
anaphylactic reactions. 

A US examination of the bladder and the upper 
urinary tract could be performed at a cosi of 434 NOK 
in our Department in January 1988. An [VU with a 
higher osmolar, ionic contrast medium would cost 818 
NOK, with a non-ionic medium 1588 NOK (I2).The 
cost calculated here includes: film, contrast media, 
salaries to radiologists and radiographers and 
depreciation. 

If all the described patients were examined with high 
osmolar contrast media and 4 patients with reported 

Table I I . Data on 9 pa t ien ts w i t h hydronephros is (HN) 

Agelyrsl Preoperative diagnosis Ultrasonography Urography 

89 
41 
46 
56 
65 
75 
67 
75 
57 

Not specified tumor 
Not specified tumor 
Myoma uteri 
Ca. cervicis uteri 
Ovarian carcinoma 
Ovarian carcinoma 
Ca- cervicis uteri 
Not specified tumor 
Endometrial cancer 

Bilateral moderate HN 
Left severe HN 
Bilateral moderate HN 
Right severe HN 
Rignt mild HN 
Bilateral mild HN 
Bilateral mild HN 
Right mild HN 
Normal 

Bilateral moderate HN 
Left severe HN 
Bilateral moderate HN 
No function right kidney 
Right mild HN 
Bilateral mild HN 
Bilateral mild HN 
Right mild HN 
Left mild HN 
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expansile processes in the kidney and one patient with 
a non-opacit'ied kidney were to be re-examined with 
US, the total cost would be 52.886 NOK. Ifall were ex
amined with a non-ionic medium, the price would be 
100.626 NOK. On the other hand if all patients were 
examined with US and the 9 with diagnosed 
hydronephrosis, the 3 with a diagnosed double pelvis 
and the one with suspected multiple calculi were to be 
re-examined by IVU ihe cost would be 37.542 NOK 
and 47.552 NOK respectively. US applied in all 
radiological departments in Norway would afford 
great savings with a minimal loss of information con
sidered not to influence the choice of therapy. 

Especially in the USA there has been a fear of 
malpractice suits for not performing IVU prior to 
surgery (6). However, no author has ever proved that 
preoperative IVU reduces the rate of injury to the 
ureters during operation. Sack compared a surgeon 
who per fo rms a preoperative urogram with another 
who did not perform this procedure and found no 
significant difference in the incidence of ureteral 
injury (6). 

The present study did not aim to compare US and 
IVU in staging pelvic tumors. In a prospective study 
Goldman et al (13) have compared 1VU and computer 
steered tomography in staging of cervical cancer in 110 
patients. They concluded that CI elicited more infor
mation from most of the patients and recommended 
CT as the only staging procedure in suspected ad
vanced stages of cervical cancer. 

We conclude that a preoperative US examination 
will reveal nearly all essential cases of hydronephrosis 
and arouse suspicion of ureteral duplication in most 
cases. All the cysts diagnosed as expansile lesions by 
IVU are presumed to be correctly diagnosed at US. 
The cost of a US examination is one-quarter of that of 
IVU with a non-ionic contrast medium. We recom
mend that the preoperative urography should be 
replaced by a preoperative ultrasonography when a 
screening examination of the upper urinary tract is 
deemed necessary prior to hysterectomy. 
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Intravenous Urography versus Ultrasonography in Evaluation of 
Women with recurrent Urinary Tract Infection 
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Aslaksen A, Bxrhefm A, Hunskaar S, Gothlln JH. Intravenous urography versus ultrasono
graphy in evaluation of women with recurrent urinary tract infection. Scand J Prim Health 
Care 1990; 8: 85-9. 

Intravenous urography and ultrasonography were compared prospectively in 120 women with 
recurrent urinary tract infection. The median age was 44 years (range 15-85). There was good 
correlation between the two methods in detecting hydronephrosis, calculi 2: 5 mm, and major 
post-pyelonephribc scarring. Urography was superior in detecting small cortical scars, slight 
calkeal dilatation, and £ 4 mm calculi. Based on the good results, low cost, and absence of 
radiation hazards or contrast media reactions, we conclude that ultrasonography may replace 
urography when a radiological screening of the upper urinary tract Is deemed necessary in 
women with recurrent urinary tract infection. 

Key words: urinary tract infections, women, urography, ultrasonic diagnosis, cost control. 

Aslak Aslaksen, MD, Department or Diagnostic Radiology, Haukeland University Hospital, 
N-5021 Bergen, Norway. 

Recurrent urinary tract infection (UTI) in women is 
a common Teason for consultation in general prac
tice. Despite reports demonstrating a low diagnostic 
yield and recommending intravenous urography 
( IVU) only when risk factors are present (1-5), IVU 
is still frequently used for screening purposes in pa
tients with UT l . 

Ultrasonography (US) is now widely used in order 
to demonstrate pathology in the upper urinary tract. 
The technique has several advantages over I V U , 
since it is noninvasive, no contrast medium is 
needed, and there is no ionizing radiation. In addi
tion, US is less expensive (6). The present prospec
tive study was performed to determine whether US 
may routinely replace IVU in evaluating women 
with UTI . 

MATERIAL AND METHODS 

Patients 

During one year. 124 women (median age 45, range 
15-85 years) with UTI referred for IVU to the radio
logical department were also examined with real 
time US of the upper and lower urinary tract. The 

age distribution is shown in Figure 1. Seventyone 
were referred from general practitioners (median 
age 34 years), 36 from various practising specialists, 
and 17 were in-patients. In one patient IVU was not 
performed because of previous severe contrast me
dium reaction, and severe agitation prevented exam
ination in a mentally disabled patient. In two pa
tients with severe emaciation reliable US examin
ation could not be performed. Thus 120 patients 
were subjected to both US and IVU in immediate 
succession. 

Urography 

IVU was performed in a standardized fashion in
cluding ureter compression (7) with an initial 24 x 
30 cm zonographic cut over the kidneys, followed by 
a 35 x 43 cm film covering the kidneys and the 
bladder. Immediately after contrast medium injec
tion, a 24 x 30 cm zonogram over the kidneys was 
obtained. At the end of compression a 24 x 30 cm 
film and a 24 x 30 cm zonogram over the kidneys 
were obtained and a 35 x 43 cm film immediately 
after its release. Further radiograms were obtained 
only in cases of impaired renal function caused by 
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Nu. ol' patterns 

50-59 60-69 
Age(y«ars) 

Fig. I The age distribution of 124 patients referred for 
intravenous urography due to recurrent urinary tract in
fection 

ureter obstruction. As standard contrast medium, 50 
ml of metrizoate (lsopaque®, Nycomed) 400 mg I 
(Iodine)/ml was used, lohexol 40 ml (Omnipaque®, 
Nycomed) 300 mg I/ml, or ioxaglate 50 ml (Hex-
abrix®. Guerbet) 320 mg I/ml were used in patients 
with risk factors, e.g. allergy or heart failure. No 
severe contrast medium reactions occurred. 

Ultrasonography 
US was performed by one physician (AA) with a 
real-time scanner (General Electric RT3000) with a 
5 MHz sector phased array transducer (8). The pa
tients were examined in supine and oblique posi
tions, preferably with a well distended urinary blad
der. The data were stored on video tape which made 
it possible to review the dynamic examination. 

Interpretation 

The urograms were interpreted as part of the normal 
routine in our department, i.e. by one consultant in 
the section of uroradiology. The original reports 
have been used for the comparison with US, to 
mimic a clinical situation. Both the investigator per
forming US and the radiologist describing the IVU 
had access to the information given by the referring 
clinician. Each examination was performed without 
knowledge of the results of the other. 

Definition of abnormalities 
Hydronephrosis was defined at IVU as mild (subtle-
obvious distension of the fornices or calices but the 
papillae still easily identified), moderate (calices bal
looned outward and papillae barely visible), severe 
(marked hydronephrosis with sac-like collecting sys
tem) (°). The various degrees of hydronephrosis at 
US were defined by measuring the maximal calyx 
diameters: no hydronephosis 0-5 mm, mild 6-10 
mm. moderate 11-15 mm, severe hydronephrosis > 
16 mm (10). Calculi at US were defined as hype-
rechoic foci with a well defined acoustic shadow (8), 
with a cut-off diameter of two mm. Duplication of 
the renal pelvis was reported at US when there was a 
bridge of parenchyma with a renal cortex echo pat
tern splitting the pyelovascular central complex (8). 

Renal scarring was defined as focal thinning of the 
renal parenchyma with both US and IVU (11. 12). 

Suspected tumours at 1VU were defined as 

1. Structures that bulge outward from the kidney 
surface. 

2. Structures that distort the collecting system. 
3. Areas of reduced density on the nephrogram 

(13). 

Table I. Major findings diagnosed by ultrasonography (US) and urography (IVU). Numbers are number of 
patients. 

Diagnosis US only ]VU only Both US Kappa Confidence 
and 1VU interval 

Major pyelonephritic changes 3 
Ureteric calculi and 
renal calculi 25 mm I 
Hydronephrosis 1 
Expansile lesions 2 

3 8 0.78 I). 15-1 
0 5 0.91 n.os-i 
4 2 0.38 -11.44-1 
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I ;ihk- II. Miliar findings with lutle consequence for therapy diagnosed hy ultrasonography (US) and urography 
tl\ (') lumbers are the number i if patients. 

Minor M-;tn» 01 minor ei'tu-
of one Ciilyx 
Calculi 2-4 mm 
Various lesions 

1VU only Both US 
and IVU 

Kappa Confidence 
interval 

1 0.24 -0 79-1 
4 0.65 -0.45-1 
6 0.79 -0.0.1-1 

A typical cyst at US was defined as an anechoic 
lesion with sharply marginated smooth walls and an 
acoustic enhancement. Atypical cysts were defined 
according to Bosniak (14). Tumour at US was de
fined as a structure distorting the normal architec
ture of the kidney surface or pyelovascular complex 
with an echogenicity different from the adjacent pa
renchyma (8). 

Statistics 
The data were analysed by using the generalized 
kappa value. Values greater than 0.75 may be taken 
to represent excellent agreement beyond chance, 
values between 0.75 and 0.40 as fair to good, and 
values below 0.40 as poor agreement beyond chance 
(15). 

RESULTS 

Major changes 
The correlation between the two methods in detect
ing major pathological changes is shown in Table 1. 
Major pyelonephritic changes were described in l) 
patients by one or both methods. Both methods 
detected staghorn calculi and irregular kidney sur
face in 4 patients. Two patients had small hypc-
rechoic kidneys described by US. and IVU demon
strated a non-functioning kidney in one and a major 
scar with calculus in (he other. Three patients had 
small, hyperechoic kidneys described by US, 
whereas IVU demonstrated small kidneys only. 

US and IVU delected 10 renal calculi > 5 mm in 8 
patients. One ureteric culailu* and two renal calculi. 
5-6 mm. were detected by IVU only, and one 3 mm 
ureteric calculus by US only. 

Hydronephrosis was detected in five patients by 
US and IVU. One had an extensive bladder tumour 

with a severe bilateral hydronephrosis, one had been 
operated because of a ureteropelvic junction steno
sis, one had a six mm calculus lodged in the distal 
ureter, and two were considered to have severe pye
lonephritic sequelae. In one patient with mild hydro
nephrosis at US. no pelvicalcyceal dilatation was 
detected by IVU. 

Five expansile kidney lesions were detected by 
IVU. One 6 cm tumour, also detected by US. was a 
histologically proven renal cell carcinoma. One ful
filled all the sonographic criteria of a simple cyst, 
and three were considered normal kidneys by US 
(confirmed by an independent ultrasonographer). 
One renal tumour was detected by US only. Com
puted tomography showed fat contents, and the le
sion was considered to be an angiomyolipoma. Two 
bladder lumours were demonstrated at US. Both 
were confirmed by cystoscopy and histology. IVU 
missed one completely while one was suspected be
cause of bilateral hydronephrosis. 

Minor changes 
Four 3-4 mm renal calculi were detected by both 
methods in 4 patients. IVU detected one 2 mm cal
culus in a lower pole of the right kidney in one 
patient, and one 3 mm calculus in the lower pole of 
the left kidney in another. Three 3-4 mm calculi 
were detected by US in two patients, but at IVU 
those calculi were obscured by gas and faeces (Table 
in 

Isolated scars confined to one calyx were detected 
hy IVU in four patients. One were detected by US. 
Gtlieciasia of one calyx was detected by IVU in 
three patients. One was detected by US. 

DISCUSSION 

UTI should be treated in order lo relieve s>mptoms. 
Imaging procedure should uncover anomalies. 
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which may he surgically corrected, or detect scars or 
other sequelae of recurrent infection, indicating the 
need for long-term chemoprophylaxis. IVU has 
been considered the best imaging method for screen
ing the female urinary tract. However, during the 
last ten years several authors have criticized the use 
of IVU as a standard investigation of non-compli
cated urinary tract infection. Three main objections 
have been raised: cost, unnecessary radiation, and 
possible contrast media reactions. 

There was excellent agreement between the two 
methods in detecting hydronephrosis. A unilateral 
mild hydronephrosis was detected by US in one pa
tient, while IVU reported normality. It has been 
shown that ultrasonography is a sensitive tool in 
detecting hydronephrosis (9,10) and good correla
tion between urography and ultrasonography has 
also been shown previously. (9). 

The detection rate of small cortex scars and iso
lated caliectasia with US was low compared with 
IVU. None of four localized scars and only one of 
three isolated minor caliectasia were detected by 
US. In a study of small girls with recurrent urinary 
tract infection, Leonidas et al. (12) were able to 
detect 7 of 12 urographically proven small scars with 
US. The examination conditions in children differ 
from those in the grown-up population. The scan
ning depth in children is less than in adults, giving 
better resolution. However, in a retrospective study 
Sterner et al. (16) showed that patients with uni
lateral pyelonephritic changes seldom developed 
chronic renal failure. Thus the low detection rate in 
adults will most likely have no clinical consequences. 

Extracorporeal shock wave lithotripsy (ESWL) is 
a routine treatment of renal calculi larger than 5 
mm. There was good agreement between the two 
methods in detecting renal calculi larger than 5 mm 
in diameter. Two of 12 renal calculi were not de
lected by US. With calculi less than 5 mm there was 
less agreement. Of 8 calculi suggested, there was 
agreement only in 4. Juul et al. (17) compared US 
and IVU in 47 patients. The methods agreed in 
detecting 42 calculi measuring 6 mm and more. Of 
16 calculi 5 mm and less detected by IVU, only 6 
were detected by US. These data indicate that renal 
calculi larger than 5 mm in diameter are safely diag
nosed by US. 

Ultrasonography was performed by one person in 
the present study, and he certainly put great enthusi
asm into the trial and gained a lot of extra experi
ence. However, the radiologists describing the uro

grams were also aware of the study, and there were 
frequent discussions in the department about the 
results of both methods. We anticipate thai the re
sults arc applicable also in small radiological institu
tions, provided the radiologists are given the oppor
tunity of proper training. 

In pacdiatric practice US has gradually replaced 
IVU and cystography as the primary imaging 
method in recurrent urinary tract infection (11,18). 
We conclude that ultrasonography may replace 
urography when a radiological screening of the up
per urinary tract is deemed necessary in women with 
recurrent urinary tract infection. 
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Abstract 

The diagnostic value of ultrasonography (US) and intravenous urography has been compared in a prospective study comprising 123 consecutive 
patients with severe acute flank pain ofless than 72 hours' duration. Ultrasonography was performed transabdominal^ with a 5 MHz sector 
real-time transducer. Ureteral calculi were considered the final diagnoses in 46 patients, of which 35 with and I I without accompanying 
hydronephrosis Ureteral calculi were correctly diagnosed by US in 17 patients (sensitivity 37%). I f hydronephrosis with or without calculus 
is included as a positive sign of ureteral calculus, a correct diagnosis was suggested by US in 34 patients (sen: 74%). We consider US 
to be a valuable method in patients with previous contrast media reactions, but recommend urography as the standard imaging method when 
renal colic is clinically suspected. 

Introduction 

Intravenous urography (IVU) has been a standard 
investigative method in patients with acute flank pain 
tor more than 50 years (12). The method has con
tinuously been developed and refined with improved 
film-screen combinations, nephrotomography and 
more comfortable contrast media (4 J. However, intra
venous urography still carries a risk of contrast media 
reactions, uses ionizing radiation and is an expensive 
examination [3,5.14]. 

Reports comparing IVU and ultrasonography (US) 
in patients with suspected renal and ureteral calculi 
reflected different experiences describing våning sensi
tivity and specificity in the detection of hydronephrosis 
and calculi (2.6,7,9,101. 

The present study was performed in a group of 
patients referred for IVU because of acute flank pain to 
assess the diagnostic value of US versus IVU m delect
ing and correctly localizing ureteral calculi, and. when 
there were multiple calculi, assess the correct number, 
and finally to determine the degree of obstruction. It 
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was also intended to consider the economic con
sequences of replacing IVU with US as the initial 
radiologic examination in the same patient group. 

Material and Methods 

Patiems 
From 1 September 1987 ; mil 31 August 1988 all 

patients referred for IVU to the Department of 
Diagnostic Radiology were also examined with real
time US of the kidney and urinary tract. A total of 
46 women and 77 men. median age 47 years (range 
15-84) with acute unilateral flank pain of less than 
72 hours' duration, were included in the study. Two 
patients were excluded: one patient refused urography. 
A ruptured ovarian cyst with free peritoneal fluid was 
diagnosed by US in a young woman who was referred 
for gynecological examination without IVU The final 
material thus consists of 121 patients 

Urography 
IVU was routinely performed wuh a 3*i x 43 cm film 

covering the kidnev sand the bladder followed by 5-ntin 
(24 x 3(1 cm) and 15 mm pustiiifuction films 
(35"* 43 cm) further radiograms uure obtained in 
caj.es of impaired renal function due in ureteral obsiruc-
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unn |4|. Mein/oaic(44() ni» I nit).Su ml was utilized in 
111 patients, lohexol {300 ing I.ml) Ml nil in 8 patients 
and ioxaglale (32(1 mg l/ml) in 2 patients. 

The IVU definitions of hydronephrosis were: 
(1) Mild: subtle distenMon of the fornices to frank dis
tension ofcahces but the papillae still easily identified. 
(2) Moderate: calices ballooned outward and papillae 
barely visible. 
(3) Severe, marked hydronephrosis with a saclike col
lecting system [ 1 ]. 

The urograms were interpreted as part of the normi 1 
routine in our department by one consultant in the 
Section of Uroradiology. The original descriptions have 
been used for comparison of results. 

1'hc urography (IVU( .imi ultrasonographic (US; appe;ir;mce of 
ureteral calculi in 4h paticnlv 

Diagnosis 

Hydroncphrosi.s and calculus 
Hydronc.-nrosis and calculus dctcucil after rcvis 
Hydronephrosis only 
Calculus without hydruncphruMv 
Calculus and non-opacilicalion of kidney 
Normal (no sign of hydronephrosis or calculus) 

Total 

IVI I S 

31 It 

Ultrasonography 
US was performed by one physician (AA) with a 

real-time scanner with a 5 MHz sector phased-array 
transducer [ 15 j . All the examinations were recorded on 
video lape, both for economical reasons and because it 
gives an opportunity to review the dynamic exami
nation. The patients were examined in supine and 
oblique positions, preferably with a well-distended uri
nary bladder, which, however, was not always achieva
ble. 

Assessment of hydronephrosis by US was done by 
mea^uriijv the maximal calyx diameter: no hydro
nephrosis 0-5 mm, mild hydronephrosis 6-10 mm. 
moderate hydronephrosis 11-15 mm, severe hydro
nephrosis > 16 mm diameter [ 13]. Calculi delected b> 
US were defined as hypercchoic foci with acoustic 
shadows. Suspected calculi with a diameter of 2 mm 
and less were not reported as positive, since they were 
not considered certain. 

The IVU results were routinely reported to the 
referring clinician, but the US results only when a posi
tive finding differing from the IVU was disclosed, since 
only these US results could have impact on patient 
monitoring. The US investigator and the radiologist 
reporting the urograms had access to the same informa
tion given by the referring clinician. Each examination 
was performed on the same day without knowledge of 
the result of the other. Urography was considered refer
ence method and ultrasonography was compared 
against it. The results of the two methods were com
pared after both were completed. 

After the study had been completed plain radio
graphs were reviewed in order to evaluate whether the 
combination of plain radiographs and US might 
increase the sensitivity as compared with US alone. The 
detection of calculi at plain radiographs were reported 
as definitely, equivocal and not visible. 

Results 

Of the 46 ureteral calculi diagnosed. 42 were 
localized in the distal, 3 in ihe middle and i in the 
proximal third of the ureter. In 3 patients with hydro
nephrosis at IVU, calculi were suggested at US. Revi
sion of the radiograms in these three patients showed 
distal calculi (Table 1). 

Ureteral calculi were suggested by US in 19 patients, 
including 2 cases with distal ureteral calculi without 
hydronephrosis in whom no signs of obstruction or 
calculi were de'erted at IVU (sensitivity 37° 0 , specifici
ty 97°;). In one of the patients control urography per
formed 1 month later was normal, while it was impossi
ble to trace the other patient for follow-up. US detected 
16 of the 34-caIculi with associated hydronephrosis, 15 
of which were lodged in the distal third of the ureter and 
one in the proximal. Of the 12 calculi without hydro
nephrosis, US detected one (Tables 1 and 2). 

Unilateral hydronephrosis was detected by IVU in 
34 patients while US detected 33, and suggested mild 
hydronephrosis in a further 4. Three of these were con
sidered non-hydronephrotic with no sign of obstruction 
at IVU and in the remaining patient IVU showed a 
'standing ureter', suggesting a released calculus. All 

Correlation between ultrasonography and urography in deeding 
ureteral calculi in 121 patterns referred for acute flank pain 

Ultrasonography 

Calculus 
No calculus 

•Two falsc-pusiiive calculi 

Urography 

Calculus 
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Correlation bciween ultrasonography and urography in delecting hydronephrosis and, or calculi in 121 patients referred for acute flank pain 

Ultrasonograph) 

Calculus and, or hydronephrosis 
No calculus nor hydronephrosis 

Urography 

Calculus and/or hydronephrosis No calculus nor hydronephrosis 

6 ' 
69 

'Four hydronephroses and two calculi considered false-positive (sec text). 

patients with hydronephrosis detected at urography had 
ureteral calculi (Table 3). 

Of the 46 patients with calculi at IVU. 30 had 
definitely stone shadows at plain radiograph and 
12 patients had calculi not visible at plain radiographs. 
In 4 patients the findings were equivocal due to bowel 
contents and/or phleboliths. Of the i 8 patients with 
hydronephrosis, but no sign of calculi at US, 11 had 
definite calculi at plain radiographs, 5 had calculi which 
were not visible, and 2 had equivocal findings. Of the 
JI patients without hydronephrosis nor calculi at US. 
the figures were 5, 4 and 1, respectively. 

In one patient a calculus was reported on the plain 
radiogram, but no obstruction was seen after injection 
of contrast medium, and it was assumed that the cal
culus had been released during the examination. One 
patient reported that a ureteral calculus had been 
released per urelhram 15 min befce the examination, 
and both methods showed normal findings. In one 
patient a ureteropelvic junction stenosis was suggested 
both with IVU and US. 

Discussion 

The passage of a renal calculus is a common cause 
of acute flank pain in young arid middle-aged patients. 
IVU has been considered necessary for detecting and 
assessing the degree of hydronephrosis when an 
obstructing calculus is present. The diagnostic accuracy 
of an IVU is high in patients with obstructing ureteral 
calculi, but rcccni reports have challenged the role of 
IVU in the initial evaluation of patients with acute flank 
pain, and instead proposed US [2] us it considered a 
sensitive method for detection of t arving degrees of 
hydronephrosis [ I ]. 

When using urography as reference, ultrasonography 
in our stud) detected 17/46 ureteral calculi (sensitivity 
37%). which corresponds with the also low sensitivity 
of 50% (17:34 cases) m the report of Kuuluilacl al. |9|. 
Hill el al. |6) tv|*oricd six pclvicakccul and 3> ureteral 
calculi, of w huh ^7 were delected b> Mim»gi;ip!iy (sensi

tivity 66%). The present study indicates that most 
ureteral calculi are located in the distal third of the 
ureter at the time of diagnosis, and that calculi lodged 
in the ureterovesical junction can readily be detected 
through a well-distended bladder at US [6). However, 
only the distal 4 cm of the ureter can be examined 
reliably through a distended bladder, and calculi lodged 
more proximal cannot be visualized, which constitutes 
a problem in US imaging of patients with acute renal 
colic. 

In 2 patients US suggested distal calculi. No signs of 
calculus or obstruction could be revealed at IVU and 
they were considered false-positive. 

Varying definitions of hydronephrosis at US have 
been proposed [ 1,2,6,9,10], and the correlation between 
hydronephrosis and obstruction is still not fully under
stood (8,11 J. The definition of hydronephrosis at US in 
OUY study had a cut-off with a 6 mm dilation of a calyx 
{13). With that limit there were four false-positive 
hydronephroses when compared to IVU, and one uni
lateral hydronephrosis at IVU was described normal at 
US. 

In the present study ureteral calculi without hydro
nephrosis was detected in I I of 46 patients. Kuuliala 
et al. [9 J found no signs of obstruction 11 of 34 patients 
with ureteral calculi. No false-positive hydronephroses 
were detected by US in their group. Ureteral calculi 
without hydronephrosis pose great diagnostic chal
lenges. If the calculus is non-obstructive, there is little 
risk of kidney damage. However, i f there is severe 
obstruction without hydronephrosis, kidney damage 
may occur. There may be a time relationship before an 
obstructive renal pelvis dilates, and there may be factors 
interfering with the normal peristalsis of the ureter ( M J. 

I f the detection of a unilateral hydronephrosis with 
or without demonstrable calculus is included as a posi
tive sign Tor a ureteral calculus the sensitivity of US is 
74°,,, compared to 37% when calculi only is required 
as sign This is also comparable lo Kuuhala el ul. |9] 
who found 79",, and 50%. A false-negative rate of 26% 
is high in a diagnostic test, and to dale neither cost. 
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radiation risk or risk of contrast media reaction can 
outweigh IVU as the most valuable method in this 
group of patients. 

The retrospective review of plain radiographs sug
gested the presence of more calculi than US alone. 
However, the combination of plain radiographs were 
not included in our initial protocol. The review sug
gested that the addition of this examination might raise 
the sensitivity of US, suggesting the localization of a 
calculus. However, the inclusion of plain radiographs 
would also increase the patient radiation dose and the 
workload in the radiology department. 

From an economic point of view, replacement of 
IVU by US can give considerable savings [3]. How
ever, the still low sensitivity does not permit US to be 
the only or even the initial examination in all patients 
with acute flank pain. We consider ultrasonography as 
a good alternative to intravenous urography in patients 
with known allergy or other known risk factors to con
trast media and as an adjunct to urography in revealing 
the true nature of an obstruction in the distal ureter. 
However, when considering the ultrasonographic diag
nosis one should be aware of the relatively high degree 
of false-negative results in evaluating ureteral calculi 
without associated hydronephrosis. Thus intravenous 
urography remains the standard imaging method in 
evaluating clinically suspected ureteral calculi. 
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Ultrasonography versus Intravenous Urography in the 
Evaluation of Patients with Microscopic Haematuria 

A. ASLAKSEN, G. GADEHOLTand J. H. GOTHLIN 

Department of Diagnostic Radiology. University of Bergen, Haukeland Hospital. Bergen. Norway 

Summary—Urography and transabdominal ultrasonography of the urinary tract were compared in 
193 patients with microhaematuria. Of 16 expansile lesions described at urography, 1 renal 
carcinoma was detected by both methods. Although the number of patients studied is too small for 
firm conclusions to be drawn, ultrasonography seems to offer advantages when compared with 
urography. 

The evaluation of patients with microscopic hae
maturia has been a subject for debate over recent 
years. Such patients have usually been evaluated 
by means of intravenous urography (IVU) and 
cystoscopy in order to reveal occult disease. How
ever, the value of IVU in the detection of tumours 
of the upper urinary tract has been questioned 
(Demosetal., 1985; Glenetal., 1989). Ultrasonog
raphy (US) has been reported to be sensitive in 
detecting hydronephrosis (Ellenbogen etal., 1978), 
renal calculi (Juul et at., 1987) and cysts (Weill el 
al., 1987). The present investigation was performed 
to stablish whether ultrasonography can replace 
IV',..' in the initial evaluation of patients who 
present with microscopic haematuria. 

Patients and Methods 

Over a 12-month period, 89 female and 104 male 
patients (aged 16-85 years, median 56) with 
microscopic haematuria, referred to the radiologi
cal department for IVU, were also examined by 
real time US of the upper and lower urinary tract. 
Patients with acute flank or abdominal pain lasting 
for less than 72 h were excluded. Five patients had 
an empty bladder at US and in 2 cases poor 
examination conditions did not permit reliable 
diagnosis of the left kidney. 

Accepted for publication 20 December 1989 

IVU was performed with compression with an 
initial 24 x 30 cm zonogram over the kidney region, 
followed by a 35 x 43 cm film covering the kidneys 
and the bladder. Immediately after injection of 
contrast medium a 24 x 30 cm film was obtained 
over the kidneys. During compression a 24 x 30 cm 
film was obtained of the same region. Immediately 
after compression was released a 35 x 43 cm film 
was obtained (Gothlin ft til.. 1986). Further radio
grams were obtained in patients with impaired 
renal function due to obstruction. Metrizoate 
(Isopaque*. Nycomed. 440 nig iodine/ml) was used 
as the standard contrast medium in 177 patients. 
Iohexol (Omnipaque*, Nycomed, 300 mg iodine/ 
ml) was used in 14 patients and ioxaglate (Hexa-
brix', Guerbet, 320 mg iodine/ml) in 2 patients 
with additional risk factors, e.g. allergy or heart 
failure. 

US was performed by I physician (A. A.) using a 
real-time scanner (General Electric RT 3000) with 
a 5 MHz sector phased array transducer (Weill et 
al., 1987). The patients were examined in both the 
supine and the oblique position, preferably with a 
well distended urinary bladder. The examinations 
were recorded on videotape to enable review of the 
dynamic examination. 

The urograms were handled as part of the normal 
routine in thisdepartment, i.e. they were interpreted 
by 1 consultant in the section of uroradiology. To 
mimic the clinical situation, the original reports 
were used for the comparison with US. Both the 
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investigator performing l : S and the radiologist 
describing the IVi; had access to the information 
given by ihe referring clinician. Each examinalion 
was performed without knowledge of the results of 
the other. 

Hydronephrosis was dclined by IVU as mild 
(subtle-to-obvious distension of the fornices or 
calices but the papillae still easily identifiable), 
moderate (calices ballooned outward and papillae 
barely visible) or severe (marked hydronephrosis 
with a sac-like collecting system) (Ellenbogen el al., 
1978). The various degrees of hydronephrosis at US 
were defined by measuring the maximum diameter 
of the calices: no hydronephrosis (0-5 mm), mild 
(610 mm), moderate (II 15 mm) or severe 
(> 16 mm) (Peake el at., 1983). Calculi at US were 
defined as hyperechoic foci with a well defined 
acoustic shadow (Weill el al., 1987). Suspected 
calculi at US with a diameter of 2 mm or less were 
not reported as positive findings. Duplication of 
the renal pelvis was suspected at US when there 
was a bridge of parenchyma with a renal cortex 
echo pattern splitting the pyelovascular central 
complex (Weill el al., 1987). 

Renal scarring was suspected at US and IVU 
when there was a focal thinning of the renal cortex. 
Major pyelonephritic changes at US were suspected 
when the kidneys were small with enhanced 
echogenicity and irregular surface. 

The urological findings were divided into 3 
categories according to Carson el al. (1980). Highly 
significant lesions were defined as those that 
constituted a threat to the patient's life or required 
a major surgical procedure. Moderately significant 
lesions were those that were slightly life-threatening 
and they were usually treated medically. Insignifi
cant lesions were mainly incidental findings and 
did not influence the management of the patient. 

When there were multiple pathological findings 
in a patient, e.g. a simple cyst and a renal calculus, 
only the conditon with the highest clinical signifi
cance was taken into account. 

Minor contrast media reactions were defined as 
mild nausea, chills, cough, fever and urticaria. 
Severe reactions were defined as circulatory shock, 
pulmonary oedema, bronchospasm and laryngeal 
oedema requiring hospitalisation. Feelings of 
warmth alone were not defined as a contrast media 
reaction. 

Results 
The diagnoses of neoplasms in the upper and lower 
urinary tracts are summarised in Tables I and 2. 
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One renal tumour in Ihe upper pole o\' the lefl 
kidne\ was diagnosed by both methods in a 75-
year-old man. The tumour measured 7 cm in 
diameter and Ihe diagnosis was confirmed by CT 
and histology of the resected specimen. Of the other 
15 expansile lesions described by IVU. 12 exhibited 
all of the ultrasonic criteria of a simple cyst and in 
3 patients no pathology was revealed either bv US 
or CT. 

The results of detecting calculi by US and IVU 
are summarised in Table 3. In 5 patients I ureter 
and 4 renal calculi, with diameters ranging from 5 
to 10 mm, were overlooked by US. In another 9 
patients IVU gave more information. In 5 of these. 
US suggested unilateral while IVU showed bilateral 
calculi. 

In 5 patients with ultrasonically detected calculi. 
the urograms were interpreted as negative. One 
stone was lodged in the ureterovesical junction and 
4 in the renal parenchyma or the pericaliceal 
system. The number of calculi in each patient 
ranged from 1 to 5 and their diameters from 2 to 

Table I Sixteen Upper Urinary Tract Tumours Sus
pected at IVU. Comparision wilh US Findings 

IV V posune Hi' ntgcmic 

US positive I I + 

US negative 15* 

" 12 cvsts detected ny US and .* normal kidnevs detected hv US 
andUT 
+ Angiomyolipoma 1 em in diameter 

Table 2 Lower Urinary Trad Tumours Detected by 
IVU and US in 3 Patients. The Findings were Verified 
by Cystoscopy and Histology 

IVU positive / I t ' mitutm' 

US positive I 
US negative 1 • 

• Examined with an empty bladder 

T«ble J Renal and Ureteric Calculi Detected by IVU 
and US in 30 Patients 

IVU pasture It I'negative 

US positive 20* 5 
US negative 5 

* Urography delected more calculi in 9 patients and ultrasonog
raphy in I 

i 
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9 mm. In I patient. IVU reported a minor dilatation 
of the distal ureter and US showed a calculus in the 
ureterovesical junction. 

Hydronephrosis delected by US and IVU is 
presented in Table 4. There was good correlation 
between Ihe 2 methods in assessing the degree of 
hydronephrosis. In a 37-year-old man, 1VU sug
gested a unilateral mild hydronephrosis and hy-
droureter (possibly because of the diuretic effect of 
contrast medium) and US was reported as normal. 
Findings of moderate and little significance are 
shown in Table 5. 

Twenty-one patients had minor contrast media 
reactions, all with metrizoate (92% of all patients 
received metrizoate). There were no severe reac
tions. 

Discussion 
The prevalence of asymptomatic microscopic hae-
maturia is reported to be between 1 and 13% (Mohr 
el al., 1986). The condition is frequently detected 
with urine test sticks at routine examinations. 
Various algorithms, including cystoscopy, IVU, 
US, CT and angiography, have been proposed for 
follow-up. 

Table 4 Hydronephrosis Detected by IVU and US in 9 
patients 

/ I T positive IVU negative 

US positive 
US negative 

• Mild hydronephrosis delected by urography 

TaMe 5 Moderately Significant and Insignificant Le
sions Detected by US and IVU 

Ultrasonography Urography 

Moderate 
Pyelonephritic scars 
Bladder diverticulum 
Bladder trabeculalion 
Enhanced renal echogenicity 
Horseshoe kidne> 

Insignificant 
Simple cysl as sole finding 12 
Double renal pelvis or ureter 2* 
Pyelitis cystica 
Malrotated kidney i 

•One false positive 

In a population based study, Mohr el al. (1986), 
found an incidence of 0.4% of upper urinary 
neoplasms. It is not stated which methods were 
used bul a combination of IVU. US and CT is most 
likely. The patients were referred with asympto
matic microscopic haematuria; other causes, such 
as coexistent infections and abdominal pain, were 
excluded. In the present study the only exclusion 
factor was haematuria associated with acute flank 
or abdominal pain lasting for less then 72 h. No 
attempt was made to exclude other coexistent risk 
factors. However, the prevalence of pathology 
described by IVU in the present study is in 
accordance with that reported by Mohr el at. (1986). 

The reason for referring a patient with haematu
ria to an imaging department is to discover 
potentially severe, ultimately life-threatening dis
ease (mainly urological neoplasia). IVU has been 
considered the corner-stone in the detection of 
upper urinary neoplasms. In retrospective studies, 
however, Demos el al. (1985) and Glen el al. (1989) 
reported that small renal neoplasms could be 
overlooked by IVU. In the present study only 2 
such tumours were discovered. A 7-cm renal 
carcinoma was discovered by both methods and a 
1-cm angiomyolipoma, not necessarily life-threat
ening, was discovered by US alone. 

Expansile lesions in the upper urinary tract were 
reported by IVU in 16 patients, but only 1 was a 
renal cancer. In a further 12 patients, with simple 
benign cyst as the sole finding on US, IVU was 
reported to be normal. Routine use of IVU in the 
examination of patients with microscopic haema
turia should not be considered as a screening 
procedure in an otherwise healthy population. A 
positive predictive value of 6% in detecting renal 
tumours is a low value and would not have been 
accepted in other screening procedures such as 
mammography. 

It is reported that US is sensitive in detecting 
urinary bladder tumours >5 mm(Brunera/., 1984). 
The present study, however, was not designed to 
compare transabdominal US with cystoscopy in 
detecting tumours of the urinary bladder. Three 
neoplasms of the urinary bladder were detected by 
US and all were confirmed as malignant. US and 
IVU agreed in only 1 instance. A 4-cm tumour was 
detected by US only in a female patient whose main 
complaint was urinary frequency and recurrent 
urinary tract infection. One tumour detected by 
IVU was overlooked by US because the patient 
was examined with an empty bladder. This shows 
clearly that all patients referred for US should be 
examined with a distended bladder. 
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The detection of calculi in patients with haema-
turia may be a minor problem compared with the 
detection ol" tumours, but it is important to lind 
reasons for the condition. Both US and IVU failed 
in detecting all calculi. Of the 5 stones overlooked 
by IVU. .1 patients had intestinal contents overlying 
one kidney and obscuring calculi, I had roentgen-
negalive calculi and I had a non-obstructing 
calculus lodged in the distal part of the ureter with 
multiple phleboliths on the plain radiogram. The 
main problem in detecting calculi on US is to 
distinguish structures in the echo-rich renal pelvis. 
Stone size, amount of subcutaneous fat, depth of 
the kidneys and focus of the acoustic beam are all 
crucial factors in producing a reliable acoustic 
shadow. 

Using a computer model, Corwin et al. (1988) 
calculated large economic savings when replacing 
IVU with US as the initial radiological evaluation 
of patients with microscopic haematuria. Geitung 
el al. (1988) calculated the costs of IVU and US in 
this department. The cost of US was $65, IVU with 
high osmolar contrast media was $ 120 and with low 
osmolar contrast media the cost was considerably 
higher. The expense incurred in finding 1 renal 
carcinoma with US was $12,490; IVU with high 
osmolar contrast media cost $23,565 and with high 
osmolar contrast media almost twice as much. Even 
if all patients with hydronephrosis and calculi 
detected by US were re-examined with IVU, there 
would be substantial savings with a minimal loss of 
information. 

No severe contrast media reactions occurred in 
the study group; statistically this was expected. 
Different mortality rates related to IVU have been 
reported. Using high osmolar contrast media, 
Hartman el al. (1982) reported a rate of 1; 75,000 in 
a Mayo clinic series. Newer, low osmolar contrast 
media are more comfortable (fewer sensations of 
warmth and flushes), but the evidence for a higher 
degree of safety is still equivocal. No side effects 
are either reported or anticipated with US. 

Unfortunately, the number of patients in this 
study is too small for any statistically significant 
differences to be revealed between US and IVU in 
the detection of upper urinary neoplasms. To detect 
20 neoplasms one would have to examine 4000 
patients with microscopic haematuria and in this 
district it would take 20 years to reach that number 
of patients. The solution to this problem could be a 
multi-centre study including a large number of 
patients with microscopic haematuria. The results 
of the present study, however, indicate that US 
might replace IVU as the initial .-xamination of 

patients with microscopic haematuria. this would 
lead to great economic savings and minimal loss of 
information. 
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Ultrasonography Versus Urography as Inital 
Radiologic Investigation in Patients Presenting 
with Macroscopic Hematuria 

A. Aslaksen and J. H. Gothlin 

Department of Diagnostic Radiology. University of Bergen. Haukeland Hospital. 
Bergen, Norway. 

Resumo 

Uma sene de 106 doenies aprcsentando hematuria macrnscoptca, sem dor ao nivel abdominal lateral forani objecto de exames 
urogråficos e ecograficos. 
A inctdencia de cancro urologico foi de 6% (6 doen tes), localizando-se em todos os caar* na bexiga. com confirmacåo da 
ustoscopia e hi sto logi a. 
A senstbilidade da urografia foi de 2/6 (33%) e a da ecugrafia foi de 6/6 (100%). Nao foi detectado qualquer tumor do tracio 
urinåno superior, mas cinco lesfles expansivas detectadas pela urografia foram consideradas como simples quistos pela 
ccografia. 9 doentes tinham hidronefrosc confirmada por ambos os méindns Dado que •• material é muiio rcduzido para 
evidenciar diferencas srgnificativas entre os dois mélodoN, nn que respeila å deleccao de neoplasias urinanas superiores. 
jLimselha-w um esiudo multiceniro. 

Palavras-chave 

bmgratia. Ec og ra f ia; Hemaiuria: Macroscopica. 

Abstract 

Une hundred and six consecutive patients with inaermcopic hematuria v-illmui acute l l jnk pain were examined with urography 
and ultrasonography. The incidence of urnlogic cancer wa-% fi'i 16 cases), all wen: bladder lancers confirmed by cystoscopy 
and histology. The sensitivity of urography was 2/6 (3 V* I and ultrasonography 6/6 I ItfV* i No upper urinary tumors were 
detected, but S expansile lesions detected by urography wive considered simple c\ sis at ultrasonography. Nine patients had 
hydronephrosis confirmed by both methods. The materia] is too small to show significant differences between the two methods 
in detecting upper urinary neoplasia, and a multi-center study is recommended. 

Key words 
Urography: Ultrasonic Diagnosis: Hematuria. Macrnsuipic 

Resume 
Une serie de cent six malades prcseniant une hcmulunc macruscopique sans dmilcur» JISUO au niveau abdominal lateral ont 
fait I'object d'examens urographiques el ccbographiquev 
L'incidence du cancer urologique a élé dc 6'S 16 mahidcs). se Mtuanl dans UHII le% ci> j u ni\enu de la vessie et confirmé par la 
cystoscopie ct 1'histologie. 
UM'nsibililcdel'urogrdphieactéde2/6|l.VJ()eieelkdel echographie de 6/61ll*>•; 
Aucune tumeur urinaire supérieure n'a cté dctectec. tuuicfois. 5 lesions expansive vienjlees par I'orographic ont cté 
consioe'rees. å I'examen echographique. comme ctuni de simples kyste». 
L'hydron^phrose a etc confirmee par les deux met node the/ neuf patients. Eiam dome ^ue le materiel est irop réduil pour 
meitre en evidence des differences significative* entre les deux mclhodes en ce qui cifxemc la detection des néoplisies 
unnuirc supcrieures. une elude mull i-centre e»i å conseiller 

Mots-clé 

Orographic Echographie: llcmaturic. Maimscopiiiuc 



Macrohemaiuria is coiiMdeicd a MTIOII.S swnpiom. 
prompting a complete investigation of the upper and 
lower urinary tract. Intravenous urography (IVU) has 
been considered the cornerstone examination for the 
detection of upper urinary neoplasms. However, small 
tumors situated in the anterior and posterior parts of 
the kidneys can be overlooked al IVU (Demos et al.. 
1985; Glen et al.. 1989; Kass et al.. 1983). 
Transabdominal ultrasonography (US) has been 
reported sensitive in detecting hydronephrosis 
(FJIcnbogen et al.. 1978), calculi (Juul et al., 1987>, 
cysts and tumors (Weill et al.. 1987). The present study 
was performed to assess whether US can replace IVU 
in the initial evaluation of patients with macroscopic 
hematuria. 

Material and Methods 

Patients 

During one year, 40 female and 66 male patients (aged 
18-90, median 6() years) with macroscopic hematuria 
referred for IVU to the radiological department were 
also examined transabdominally by real lime US of the 
upper and lower urinary tract. Excluded were patients 
with acute flank or abdominal pain lasting less than 72 
hours. 

Urography 

IVU with ureter compression was performed with an 
initial zonogram of the kidney region. 24x30 cm, 
followed by a 35x43 cm film covering the kidneys and 
the bladder. Immediately after contrast medium 
ir;^ction a 24x30 cm film was obtained over the 
kidi ys. During compression a 24x30 cm film of the 
kidneys was obtained. Immediately after compression 
was released, a 35x43 cm film was obtained (GSthlin et 
al., 1986). Further radiograms were obtained in cases 
of impaired renal function caused by obstruction. 
Metrizoate (Isopaque® Nycomed. 440 mg Iodine/ml) 
was used as the standard contrast medium in 98 
patients. lohexol (Omnipaque®. Nycomed, 300 mg 
Iodine/ml) was utilized in 5 patients and ioxaglate 
(Hexabrix® Guerbet 320 mg Iodine/ml) in 3 patients 
with risk factors e.g. allergy or heart failure. 

Ultrasonography 

US was performed by one physician (AA) with a real
time scanner (General Electric RT 3000) with a 5 MHz 
sector phased array transducer (Peake el al., 1983). The 
patients were examined in supine and oblique positions 
preferably with a well distended urinary bladder. The 
examinations were recorded on video tape to allow 
review of the dynamic examination. 

Interpretation 

The urograms were handled as pan of the normal 
routine in our department, i.e. they were interpreted by 
one consultant in the section of uroradiology. To 
mimic the clinical situation the original reports have 

been used loi the comparison with US. Both the 
investigator performing US and the radiologist 
describing the IVU had access to the information given 
by the referring clinician. Bach examination was 
performed on the same day and without knowledge of 
the results ol the other. 

Pathological findings; types and definitions 

Hydronephrosis was defined by IVU as mild (subtle-
obvious distention of the fomices or calices but the 
papillae still easily identified), moderate (calices 
ballooned outward and papillae barely visible) or 
severe (marked hydronephrosis with a sac-like 
collecting system) (Ellenbogen et al.. I978). The 
various degrees of hydronephrosis at US were defined 
by measuring the maximal calyx diameters: no 
hydronephrosis (0-5 mm), mild (6-10 mm), moderate 
(11-15 mm) or severe (> l6mm)( I0 ) . Calculi at US 
were defined as hyperechoic foci with a well defined 
acoustic shadow (Weill et al., 1987). Suspected calculi 
at US with a diameter of two mm or less were not 
reported as positive findings. Duplication of the renal 
pelvis was suspected at US when there was a bridge of 
parenchyma with a renal cortex echo pattern splitting 
the pyelovascular central complex (Weill et al.. 1987) 
Renal scaring was suspected at US and IVU when there 
was a focal thinning of the renal cortex. Major 
pyelonephritic changes at US were suspected when the 
kidnevs were small with enhanced echogeniciu and 
irregular surface (Hodson. 1981: Weill et al.. 1987). 
The significance of the urotogtc findings were 
separated into three categories according to Carson ei 
al. (1980). Highly significant lesions were defined as 
those that constituted a threat to the patient's life or 
required a major surgical procedure. Moderately 
significant lesions were those that were remotel> life-
threatening and were usually treated medically. 
Insignificant lesions were largely.incidental findings. 
When multiple pathology was discovered only the 
findings of highest significance are described here. 
One year after the study w-ts completed the patients 
were matched against the biopsy register of the 
pathology department and with the diagnosis regi>try 
of our hospital to search for tumours that could have 
been overlooked by both US and IVU or had developed 
after the study was completed. 

Results 

No renal, renal pelvic or ureter carcinomas were 
discovered in the examined patients. Six expansile 
kidney lesions were described at IVU. In five patients 
US described simple cysts and in one US was 
described as normal by a second ultrasonographs r One 
patient had multicystic kidney disease suggested by 
both methods. 
The diagnosis of bladder tumors are shown in table I 
IVU suggested a lumor of the right ureter orifice in .i 
47 year old mate patient, but cystoscopy was normal 
The two patients with bladder tumors delected by !VU 
and US had known tumors diagnosed by cystoscopy ;i 
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I MHO: I - III.AM«-:K TUMOI KS DI II , \OSKD B% 
ULTRASONOGRAPHY tn > AMI I RUCRAPIIY. UVI i. M I 
KINDIWS ARK CONHNMKU BY CYSTOSCOPY AMI 
HISTOI.(H;Y 

I AIII.K III • HYDRONEPHROSIS IHM AN» I RKTKR 
< AI.Ci:LI K ' I DKTKC'I Kl) HY I kOCKAI'IIV | | \ T l AM) 
IT TKASO.NOURAPHY {I SI 

IVU [Kisilivf IVL nenuliw IVH: HN IVU: HN+C 

US positive 
US NCgiillVi ! » J US- UN 

US. HN+C 1 • 
1 

* One I also positive. * Bilateral disial urctei r calculi coi ifimied by cystoscopy. 

TABLE II - RENALCALCULI DETECTED BV UROGRAPHY 
I IVU» AND ULTRASONOGRAPHY tUSl 

TABLE IV - MODERATELY SIGNIFICANT AND 
INSIGNIFICANT LESIONS OTHER THAN TUMORS AND 
CALCULI DETECTED BY ULTRASONOGRAPHY AND 
UROGRAPHY 

IVU positive IVl negative 

US positive 
US negative 

* In «ne patient urography showed a renaf calculus while 
ultrasonography showed a bladder tumor 

** (-our considered false positive (see text). 

Ultrasonography Urography 

Moderate 
Pyclonephriitc scars 
Vesical diverticulum 
Vesical Irabeculaiion 
Enhanced renal echogcniciiv 
Insignificant 
Simple cyst as sole finding 
Double renal pelvis or ureier 
Malrataied kidnev 

• Described as expansile lesion. 

few days earlier. No unknown bladder tumors were 
detected by IVU. Sixteen patients had urinary traci 
calculi. Nine had renal, four had ureier and one had a 
bladder calculus. The diagnosis of renal calculi are 
shown in table II. In two patients US showed renal 
calculi overlooked at IVU. Both patients had a 4 mm 
hypcrechoic focus in the left kidney with a marked 
acoustic shadow. Ai IVU the kidneys were obscured by 
bowels contents. In four patients renal calculi were 
initially suggested by US. but review of the video tape 
did not confirm the diagnosis. In one patient a bladder 
calculus was delected by US only. The correlation 
between the two methods in detecting hydronephrosis 
and ureter calculi are shown in table III. Both methods 
agreed in detecting hydronephrosis. In one patient 
there was u slight disagreement where US suggested a 
minor while IVU showed a moderate hydronephrosis. 
Findings of moderate or liitle significance for patient 
monitoring arc presented in table IV. 

Discussion 
Macroscopic hematuria is generally considered an 
ominous symptom prompting a thorough investigation 
of the upix-i and lower urinary tract. In contrast to 
microscopic hematuria which most often is detected 
incidentally during life insurance control, employment 

control or simply during a health check, macroscopic 
hematuria is a presenting symptom. Cystoscopy has 
been considered the most sensitive investigation of the 
bladder and urethra, and IVU has been the cornerstone 
examination of the upper urinary tract. 
Six urinary tract tumors were detected in the present 
study. All were urinary bladder tumors confirmed by 
cystoscopy and histology. Two were known because o 
previous cystoscopy and were detected by both IVL 
ar.d US. In four patients in whom cystoscopy was 
performed after the upper urinary tract examination, 
ihe bladder tumors were detected by US only. In a 
retrospective study Mathiesen (1984) found a \1CA 
incidence of renal and urothelial tumors in 187 patieni 
referred for macroscopic hematuria to a universit) 
hospital. Four percent had renal tumors, 4% had renal 
pelvic and 9% had bladder tumors. The incidence 
difference of upper urinary tumors could be explained 
in selection biases in the retrospective material. The 
reported incidence of bladder tumors are in 
correspondence with the rate detected in the present 
study. The purpose of our study was not to compare 
transabdominal US to cystoscopy. However, it has 
been shown [hut bladder tumors >5 mm in diameter jr 
readily delected with US (Brun ei al., 1984). L'S of the 
urinary tract should therefore include an exammjtion 
of a well distended urinary bladder. 



Upper urinary transitional cell tumors are rare in 
Norway wilh an incidence of upproximalely 15% of 
thai of bladder tumors. They often present with 
hematuria, but none was detected in the present study. 
Calculi were observed in T% of the patients in our 
study compared to 1091 \r the hospital series of 
Mathiesen (1984). At least parts of the higher 
incidence in our study could be explained by the 
calculi delected by US only. The detection of calculi 
are important as an explanation for hematuria, but the 
discovery of calculi and anomalies will always be 
secondary in importance lo the detection of tumors. 
The number of patients in this study is too low to 
detect any significant differences between the two 
methods in detecting upper urinary neoplasms. The 
solution to this problem could be to arrange a multi-
center study including a large number of patients with 
macroscopic hematuria. 
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Abstract 

Urography and ultrasonography of the urinary tract were compared prospectively and blind!) in 1306 patients. The patients were a non-selected 
group referred for urography over 1 year. Renai cell carcinomas were detected in seven patients and carcinomas of the renal pelvis in four 
patients. Urography delected carcinomas in 10 patients (sensitivity 91%) and falsely suggested malignancy in 52 (specificity 96%). Ultra
sonography detected carcinomas in 10 patients (sensitivity 9 l ° n ) and falsely suggested malignancy in 13 (specificity 99%). No difference 

iween the two methods in detecting renal and renal pelvic tumours was observed in the studied population. 

Introduction Material and Methods 

For many years intravenous urography (IVU) has 
been considered the screening procedure of choice for 
the detection of upper urinary neoplasms. However, 
recent reports challenge the ability of urography to 
detect small renal tumours [1,7,9,14]. Tumours on the 
anterior and posterior aspects of the kidney may fre
quently be overlooked at urography, but can be detected 
by cross-sectional methods such as ultrasonography 
(US) and computed tomography (CT). A high per
centage of the renal cell tumours are incidental findings 
in patients with none of the classical symptoms such as 
hematuria, Hank pain or palpable abdominal mass. 
Earlier reports are based on retrospective material and 
may suffer from selection biases. The aim of the present 
study was lo prospectively compare the ability of IVU 
and US to detect renal and renal pelvic tumours in a 
non-selected group of patients referred for urography. 

Address for reprmis Aslak Aslaksen M.D.. Department of 
Diagnostic Radiology. Haukeland Hospital. N-5021 Bergen. 
Norway 

Patients 
In a total of 1168 patients (585 females, 721 males; 

median age 55; range 14-89 years), 1306 US exami
nations were performed. Nineteen patients were exam
ined thrice, 100 twice and 1049 once. The main indica
tions for referral are presented in Tabl-7 1. 

Urography 
IVU was performed with compression and nephro

tomography, except in patients with suspected ureteral 
or infravesical obstruction [ 10]. Metrizoate (Isopaque* 
Nycomed 440 mg I/ml) 50 ml was utilized in 1171 
examinations, iohexol (Omnipaque* Nycomed 300 mg 
I/ml) in 99, and ioxaglate (Hexabrix® Guerbet 320 mg 
I/ml) in 36. Minor contrast media reactions were 
defined as nausea, chills, cough, fever and urticaria. 
Severe reactions were defined as circulatory shock, pul
monary oedema, bronchospasm and laryngeal oedema 
causing hospitalization. Heat sensation alone was not 
defined as a contrast media reaction. 
Suspected tumors at IVU were defined as: 
1. A structure bulging outwardly from the kidney sur

face; 
2. A structure distorting the collecting system; and 

t)72Q-n48X W Sti.» sn C IW0 Elsevier Science Publishers R V. (Biomedical Division) 
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M.iin IVt rclWul indication* I'm l.HM> e.\.iminjiiou<> in MhN 
p.iliL-niv imnit ih.iit nne rc.i>oti lor uleri.il in MUIIC patient*) 

Kcferr.il i1i;ipnnMs No of 
cvamin.m 

Non-ipecirn: I'hruim. abdominal pain : M 
Microscopic liematun.i unhout (lank pain 141 
Recurrent urinary traci infection in women \2> 
Acute (lank pain 12.1 
Macroscopic hematuria without Hank pain 1(16 
Control after licuu- ureter colic l i l l 
Routine control alter urologic cancer K<J 
Coniriil ul" renal calculus 75 
Preoperative control before hysterectomy h2 
Clinical suspicion of urologic cancer 61 
Preoperative for benign prostate hyperplasia 60 
Control after ureterorenoscupy •Jr. 
Ncvogenic bladder 39 
Other indications (e.g.. kidney donor, renal 

trauma, hypertensive disease, renal failure) 223 

3. An area of reduced density on the nephrogram. 
Renal pelvic tumours were suspected al IVU when 
there was a filling defect in the calices or renal pelvis (8]. 

Ultrasonography 
US was performed by one physician (A.A.) with a 

real-time scanner (General Electric RT 3000) with a 5 
MHz sector phased array transducer. All examinations 
were recorded on video tape both for economical rea
sons and because it gives an opportunity to review the 
dynamic examination. The patients were examined in 
supine and oblique positions, preferably with a well-
distended urinary bladder, a goal which could not 
always be achieved [21]. A typical cyst at US was 
defined as an anechoic lesion with sharply marginated 
smooth walls and an acoustic enhancement. Atypical 
cysts were defined according to Bosniak [2], Tumour 
at US was defined as a structure distorting the normal 
architecture of the kidney surface or pyetovascular com
plex with an echogenicity different from the adjacent 
parenchyma. Tumour sizes were measured by US. 

The IVU results were routinely reported to the 
referring clinician, but the US results only when a posi
tive finding differing from the IVU was disclosed. The 
US investigator and the radiologist reporting the uro
grams had access to the same information given by the 
referring clinician. Both examinations were performed 
without knowledge of the results of the other. The 
results of the two methods were compared after both 
had been completed. The final diagnosis 'simple cyst' 
was given only after a repeat US had been performed 
by a second radiologist. An atypical cyst was investi

gated further with CV mid or cvsi puncture with a 
cylological analysis. The malignant diagnoses were 
confirmed by surgerv hismlogv and, or biopsy. In one 
patient with a single kidnej and suspected renal pelvic 
tumour, biopsy was noi performed as surgery was 
excluded. All biopsies were revised and vended by one 
of us(OJ.H.). 

One >ear after the study had been completed the 
patients were matched against the biopsy register of the 
pathology department and with the diagnosis registry of 
our hospital to search for tumours that could have been 
overlooked by both VS and IVU or had developed after 
the study had been completed. 

Results 

Renal cell carcinomas were delected in seven 
patients. According lo Robson cl al. [ 18] tumour stage 
1 was revealed in six patients and stage 4b in one. 
Tumor diameters varied from 2 to 15 cm. All renal cell 
carcinomas described by IVU were detected at US, and 
US suggested one not demonstrated at IVU. Renal 
pelvic carcinomas were delected in four patients. All 
renal pelvic carcinomas were detected by IVU and one 
was overlooked by US. After an observation period of 
1 to 2 years, no additional renal or renal pelvic carcino
mas were diagnosed in the studied population. 

Urography 
Expansile lesions were reported at urography in 62 

patients, of wh.ch 34 had simple cysts at US and were 
not further investigated. Eleven patients had cysts 
larger than 5 cm, 16 cysts 3-5 cm, and 7 had cysts 
2-3 cm in largest diameter. No cysts smaller than 2 cm 
were observed at IVU. Various lesions not considered 
to be simple cysts were diagnosed in 28 patients. In 18 
of them the final diagnosis was considered non-
malignant (Table 2). Renal cell carcinomas were 
delected in six and transitional cell carcinomas in four 
patients. In one kidney two renal cell carcinomas were 
missed by IVU. The sensitivity of urography for both 
tumour types was 91%, specificity 96% and positive 
predictive value 16%. 

Ultrasonography 
Ultrasonography suggested solid tumours or atypical 

cysts in 23 patients of which seven had renal cell car
cinoma. Three patients had transitional cell carcinoma 
of the renal pelvis delected by US. One renal pelvic 
tumour was overlooked by US (Table 3). Atypical cysts 
requiring further investigation were detected in seven 
patients by US (Table 4). One 2-cm hyperechoic 
tumour was detected in one patient. The tumour had a 
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I'liiluccn p;ntiiiis with cxpuiiMlc kid t ic .md kidiio> |vK 
luniour «v simple c>si 

No of Observation 
puticnu 

1 Filling defect of the renal peli 
7 Bulging of the renal contour 
t> Bulging of the renal contour 
1 Bulging of the renal eoniour 
1 Bulging of the renal contour 
1 Bulging of the renal contour 
1 Dislocation of culices 

evidence of malignant 

Control finding 

CT and retrograde pyelography: No tumour 
US. No tumour 
US and CT No tumour 
Angiography No tumour 
US and Biopsy. No malignancy 
CT and aspiration Mullicystic process 
US and aspiration: Abscess 

IABLL J 

Diagnostic information in A patients with renal pelvic :uinours detected by ultrasonogaphy (US) and intravenous urography (1VU) 

Age Tumour site US IVU Biopsy Stage at diagnosis 

M 72 Both pelves Bilateral HN Bilat filling defect Not performed Not operated due to metastatic bladder cancer 
M 73 R. pelvis Inconclusive Tumor renal pelvis Transit, cell ca Lung met. 
F XI R. pelvis Pelvic tumour Non-funct kidney Transit, cell ca Capsular tumour growth 
M 83 L. pelvis Renal tumour Pelvic tumour No biopsy Single left kidney. No surgery 

HN, hydronephrosis. 

TABLE 4 

Atypical cysts detected by ultrasonograph) (US) in sevi 

Sex Age 

66 

Cyst site 

R. lower pole 

US 

Echogenic. hypcrct :hoic 

IVU Control 

M 

Age 

66 

Cyst site 

R. lower pole 

US 

Echogenic. hypcrct :hoic brim Normal CT and cytology; Non-malignant cyst 
M 72 L. lower pate Echogenic Mild HN Autopsy: No renal tumour 
M 54 L. lower pole Echogenic, hyperei :hoic brim Mild HN Aspiration: Streptococci 
M 58 R. middle Hypercchoic brim Calcified renal mass CT and cytology: Non-malignant cyst 
M 70 R. lower pole Septated cyst Normal CT: Typical cysl 
M 73 R. upper pole Septatcd cyst Normal US other investigator: Typical cyst 
H 66 L. upper pole Scptated cyst Expansile lesion L l and aspiration: Non-malignant cyst 

density of -30 Houndsfield units at CT, and was con
sidered an angiomyolipoma. No biopsy was performed. 
US suggested solid tumours in four patients in which 
the CT was normal. One patient had a 3-cm tumour of 
the upper right kidney which was described by two 
independent ultrasonography's. CT was equivocal, but 
the surgeons decided not to operate. The sensitivity of 
ultrasonography for both tumour types was 91%, 
specificity 99% and positive predictive value 43%. 

Adverse reactions 
One 60-year-old mate patient had an anaphylactoid 

reaction to metrizoate and was admitted to the intensive 
care unit. He was hospitalized overnight, but had no 
sequelae. In 118 examinations (9%) mild contrast 
media reactions were observed. 

Discussion 

Traditionally it is assumed and taught that renal cell 
carcinomas present with flank pain, abdominal mass 
and hematuria. In an autopsy series, Hajdu and 
Thomas [ 12] found such symptoms in *̂nly 15% of the 
cases. All tumours presenting with classical symptoms 
were over 3 cm in diameter and had widespread 
metastases at autopsy. In patients with renal tumours 
presenting between 1980 and 1984, Konnack and 
Grossmann [ 15] showed that only 15 of 46 renal cell 
cancer presented with hematuria, while the other 
patients had flank pain, lower urinary tract symptoms 
or were controlled for other reasons. Renal cell car
cinoma is a great mimicker and still a substantial part 
of them will be detected incidentally. We therefore con-



Milcrcd il justified to compare urographx and ultra
sonograph m detecting renal cell carcinomas of (he 
upper urinary tract in patient*, referred for urograph> 
regardless of reason. 

The prevalence of tumours in this material is not 
perfectly controlled. However, in most cases positive 
cases were controlled with histology (Tables 2-4). The 
hospital records on suspected ca->es were reviewed, and 
i he whole material was matched against the regional 
biopsy registry and the diagnose registry of the hospital 
one to 2 years after the investigation. 

The present study indicates that there are no signifi
cant differences between 1VU and transabdominal US 
in detecting renal cell carcinomas with the dimensions 
usually demonstrated at diagnosis. However, two 
tumours of less than 3 cm in diameter in one kidney 
were overlooked by IVU. One was diagnosed as a solid 
tumour and one as an atypical cyst by US. Earlier 
studies have reported cases of renal tumours over
looked at urography. Kass et al. [14} reported four 
pa'.ients in whom 2-4 cm renal tumours where over-
L- jked at IVU. Demos el al. [7] reviewed the records 
of all patients with renal carcinomas treated at a univer
sity hospitai over 7 years and found that 4 out of 68 
tumours were initially overlooked at urography (sensi
tivity 94%). The diameter was 2.5-4 cm. Glenet al. [9] 
reviewed the records of patients with renal carcinomas 
in a 3-year period and found that 3 out of 62 tumours 
had been overlooked al IVU (sensitivity 94%). The 
tumour diameters were 3, 4 and 5 cm, respectively. In 
all three studies urography with tomography had been 
performed. In a prospective study Warschauer et al. 
[20] compared US to IVU with tomography and com
pression in 133 patients referred for hematuria. Both 
methods succeeded in delecting three tumours 3,6 and 
20 cm in diameter. The studies support the concept that 
US and IVU are equally sensitive in detecting renal cell 
carcinomas appearing in a Western urban population. 

In the present study expansile lesions or filling 
defects suspected to be renal pelvic tumors were 
detected at IVU in 62 patients. 10 of which turned out 
to be malignant tumours and one an abscess requiring 
treatment. In 52 patients, additional tests were required 
to exclude a neoplasm diagnosis providing a positive 
predictive value of 160/o. In a review of different studies 
evaluating the value of preoperative urography in 
patients with benign prostate hyperplasia, Brooks (3] 
calculated that 12.6 cysts were found for each rena) 
cancer. In the same manner, detection of an expansile 
lesion al IVU in a patient at a routine control of a ureter 
calculus could produce fear and much distress and 
unnecessary further examinations. The high degree of 
false-positive urograms should worry radiologists and 

clinicians and this could be lowered b> imnal US or 
iiiiincdi;iu* post-urography US examination of all 
patients with expansile lesions. 

The diagnosis of tumours at US requires u thorough 
knowledge of the renal architecture. The most impor
tant finding is a bulging of the renal contour or distor
tion of the central pyelovascular complev There are. 
however, several nonneoplastic conditions that can give 
such it finding, e.g., duplex of the renal pelvis, malro-
titlion. lateral humps adjacent to the spleen and 
peripelvic cysts. The echo pattern of the tumours can 
aid in the diagnostics, but in a review of 45 tumours, 
Weill et al. [22) found that 89% were isoeehoic or 
slightly hyperechoic compared to the adjacent renal 
parenchyma. Ultrasonography can distinguish renal 
cysts with a diameter of 0.5 cm and discover angio-
myolipomas smaller than 2 cm. These tumours, how
ever, are on the edges of the echogenic speclrum, since 
cysts ma\ be anechoic and angiomyolipomas highly 
echogenic. Jn an in vitro model Turnbull et al. [18] 
compared tissue velocity, attenuation coefficient and 
back-scatter coefficient in 1.5-7 cm rena! cell carcino
mas with that of normal renal cortex lissue and found 
no significant differences. It is therefore not likely that 
renal cell tumours of less than 2 cm should be easily 
detected by ultrasonography. 

Transitional cell carcinomas constitute about 20% 
of the malignant tumours of the upper uri. try tract [ 13] 
and approximately half of those are located in ihe renal 
pelvis. The ultrasonic appearance of renal pelvic car
cinomas has been thoroughly described [4,6,16]. In the 
present study four renal pelvic tumours were diagnosed 
of which IVU detected all, and US was inconclusive in 
one case. In a retrospective study Dalla-Palma et al. [ 6] 
reviewed 22 patients with renal pelvic tumours exam
ined with both US and IVU. Ultrasonography was able 
to detect pathology in 16 of 22 (sensitivity 12%). IVU 
revealed filling defects or calyx amputation in 19 of 22 
and non-functioning kidneys in 3. It is not slated what 
information the ultrasonographer or radiologist had 
and which examination was performed first. However, 
this report indicates thai the diagnosis of renal pelvic 
tumours is difficult at US and that 30% of the renal 
pelvic tumours may be overlooked at an initial sono
graphy. 

Conclusively may be cautiously said that ultra
sonography is as sensitive as urography in detecting 
kidney neoplasm lo a lower cost and without risk of 
radiation or contrast media reactions. The main prob
lem is the patient selection. 
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