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While excretory urography has been useful in the evaluation of 
patients with renal calculi, it does have certain limitations. These 
include (a) poor differentiation of calculi from other causes of 
radiolucent filling defects within the renal collecting system, (b) 
poor visualization because of decreased renal function, and (c) 
possible contraindication in patients with a history of significant 
allergic reaction. Computed tomography (CT) and ultrasound are 
noninvasive techniques which have proved to be useful in the 
evaluation of nonopaque calculi. The greater density discrimina-
tion of CT allows stones to be visualized as areas of increased 
density without the need for intravenous contrast material. On 
ultrasound, calculi appear as echogenic areas with posterior 
acoustical shadowing. These imaging modalities have also been 
useful for preoperative assessment of the position of renal calculi, 
intraoperative localization of calculi, and determination of the 
response of a calculus to dissolution therapy. 
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Excretory urography has been used for a considerable 
period of time in the evaluation of suspected renal disease. 
One of its major limitations is its nonspecificity with respect 
to the detection of a radiolucent filling defect within the 
renal collecting system. There are several pathological 
entities which may be responsible for this finding,1 how-
ever, the most common include transitional cell carcinoma, 
calculus, and blood clot. Differentiation of these entities is 
important in order to establish the proper therapeutic 
regimen. Prior to the advent of computed tomography 
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Fig. 1. Case 1. 
A . Retrograde pyelograni demonstrates a large radiolucent defect within the pelvis. 
B. C T scan, obtained approximately 24 hours later, shows a large area of increased density within the renal pelvis. This conforms to 

the location of the radiolucent defect noted on the retrograde pyelogram. 
C. Repeat C T scan, performed approximately one month later, shows dissolution of the calculus. The percutaneous catheter can be 

seen extending through the posterior aspect of the left kidney, while the density within the collecting system represents the coiled end of 
the catheter. 

D. Follow-up urogram, obtained two weeks after the second C T scan, confirms dissolution of the calculus. 
E. A scan obtained at a different level through the kidneys demonstrates an incidental calculus involving the right kidney. 
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Fig. 2. Case 2. 
A and B. Ultrasound images (coronal plane) at two levels within the left kidney show several focal areas of increased echogenicity 

(arrows) with acoustical shadowing, suggesting multiple calculi. 

( C T ) and ultrasound, invasive studies, such as 
retrograde pyelography, brush biopsy, or sur-
gery, were required. Now, C T and ultrasound 
have proved useful in differentiating calculous 
disease f rom soft tissue masses.2"" These tech-
niques have also been useful for defining the full 
extent o f a relatively nonopaque calculus. Poor 
renal function, whether secondary to intrinsic 
renal disease or as a result o f obstructive uropa-

Fig. 3. Case 3. 
A. Excretory urogram shows nonfunction of the left kidney, as v 
B. Ultrasound image of the left kidney demonstrates dilatation 

arrow) associated with acoustical shadowing. 

thy from calculus, may also limit the usefulness 
of excretory urography. T h e use of intravenously 
administered contrast material may be contrain-
dicated in patients with a known sensitivity to 
these agents. It is in these cases that we have 
found C T and ultrasound to be worthwhile. 

Case reports 
Case 1. A 78-year-old woman presented with uric acid 

as a staghorn calculus involving the lower portion. 
the collecting system (open arrow) and a staghorn calculus (solid 
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Fig. 4. Case 4. 
A . Laminagram of the renal beds shows multiple calcific densities within the region of the left kidney. 
B -D . C T scans through the kidneys, obtained without intravenous contrast material, demonstrate the size and extent of the radiodense 

staghorn calculus. 

calculi involving the left kidney. Excretory urography re-
vealed a radiolucent defect within the left renal pelvis (Fig. 
/A). C T demonstrated a high-attenuation area within this 
region (Fig. IB). This finding confirmed the presence of a 
calculus. A percutaneous nephrostomy tube was positioned 
with subsequent infusion of an alkalinizing agent for disso-
lution of the uric acid stone. A repeat C T examination, 
performed approximately one month later, demonstrated 
dissolution of the calculus (Fig. 1C). A subsequent excretory 
urogram showed complete resolution of the previously 
noted defect (Fig. ID). 

Case 2. A 58-year-old man was known to have uric acid 
calculi in both kidneys. Renal function was poor, and an 
ultrasound examination was requested to exclude the pos-
sibility of obstruction. The sonogram revealed multiple 
areas of increased echogenicity with acoustical shadowing 
posteriorly (Fig. 2), but no evidence of obstruction. 

Case 3. A 64-year-old woman, with a history of hyper-
parathyroidism and a left staghorn calculus, presented with 
a one-week history of left flank pain, chills, and fever. At 
admission, an excretory urogram revealed a left staghorn 
calculus as well as a marked decrease in function on that 
side compared to the right. Since acute pyelonephritis could 
not be distinguished from obstruction, an ultrasound ex-
amination was requested and revealed a large staghorn 
calculus with concomitant hydronephrosis (Fig. 3). 

Case 4. A 28-year-old woman was admitted for manage-
ment of a left staghorn calculus. Approximately one year 
prior to admission, the patient began to have recurrent 
urinary tract infections with left flank pain, chills, fever, and 
dysuria. Tomography (Fig. 4A) demonstrated a staghorn 
calculus involving the left kidney; however, it was difficult 
to delineate the full extent of the calculus because it was 
only slightly radio-opaque. A C T scan revealed the complete 
extent of the calculus (Fig. 4B-D). 

Case 5. A 46-year-old man presented for evaluation as 
a possible renal transplant donor. He had been asympto-
matic. However, several years earlier, he had had an episode 
of gross hematuria and severe flank pain. Evaluation for 
renal calculi was negative at that time; however, during the 
course of his present examination, excretory urography 
revealed a renal mass. A preliminary examination of the 
abdomen demonstrated a small calcification overlying the 
midportion of the left kidney. A subsequent C T scan was 
obtained both with and without the use of contrast material 
(Fig. 5). The mass was identified as a simple cyst. The 
nonenhanced scan demonstrated a small calculus within the 
midportion of the left kidney which was obscured by con-
trast material on the enhanced scan. 

Case 6. A 34-year-old woman presented with a two-year 
history of abdominal suprapubic and left flank pain associ-
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A, B 

Fig. 5. Case 5. 
A. Nonenhanced C T scan through the kidneys demonstrates a calculus involving the left kidney. 
B. Following the intravenous adminstration of contrast material, the collecting system is radio-opaque and the calculus is no longer 

identifiable. 

ated with gross hematuria. An intravenous pyelogram, ob-
tained approximately one year earlier, was reported to be 
normal. A plain radiograph of the abdomen, obtained dur-
ing the current evaluation, demonstrated two calcifications 
overlying the region of the left kidney. C T disclosed severe 
hydronephrosis of the left kidney, secondary to an obstruct-
ing calculus at the ureteropelvic junction (I'ig. 6). At sur-
gery, an obstructing calculus at the ureteropelvic junction, 
with pyonephrosis, was found. 

Discussion 

T h e incidence of radiolucent calculi has been 
reported to be approximately 8%.'' Whi le most 

consist o f uric acid and urate stones, xathine, 
cystine, and some matrix calculi are included in 
this group. These stones present diff icult diag-
nostic dilemmas when they are seen on an excre-
tory urogram because they must be di f ferentiated 
f rom neoplasms o f the collecting system. Linear 
tomography has been advocated for detection of 
low density stones,' but this technique is depen-
dent on the detection of calcium density within 
the filling defect. A faint homogeneous or ring-
like calcification in the area o f the filling defect 
establishes the diagnosis4; however, the absence 

Fig. 6. Case 6. 
A. C T scan of the midabdomen demonstrates no excretion of the intravenous contrast material by the markedly hydronephrotic left 

kidney. 
B. A radio-opaque calculus can be seen in the region of the ureteropelvic junction. 
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of calcification does not exclude the possibility of 
a calculus. 

Because of its superior density discrimination, 
CT is able to detect the significant density differ-
ence between nonopaque calculi and soft tissue 
causes of lucent defects on the excretory uro-
gram. Calcium-containing calculi will be repre-
sented as CT densities in the range of 400-600 
Hounsfield units (HU) while nonopaque calculi 
have measurements in the range of 180-500 HU. 
Transitional cell carcinoma has densities in the 
range of 20-40 HU when the scans are per-
formed without the use of intravenous contrast 
material.2,3 Blood clots have been reported to 
have measurements of approximately 55 HU, 
however, the attenuation values can be variable 
and depend on the age of the clot. Values have 
been detected only slightly lower than those as-
sociated with calculi.2 Calculi as small as 0.5 cm 
have been detected by CT.8 It is crucial that the 
proper technique be used to obtain the CT scan. 
Contiguous sections of 5- to 10-mm collimation 
through the entire kidney are recommended.3 

Calculi are detected as high density areas and, 
therefore, scans should be obtained both before 
and after the infusion of contrast material, in case 
the contrast agent obscures the calculus. Postin-
fusion scans are helpful in enhancing detection 
of soft tissue masses and in allowing assessment 
of whether the mass is intrinsic or extrinsic to the 
collecting system.3 In addition to the detection 
of calculi, CT has been used to follow the size of 
the calculus during medical therapy directed at 
dissolution of the stone. CT has also been used 
for the preoperative localization of renal calculi.9 

Ultrasound is a fast, reliable method of evalu-
ating calculous disease. This technique can be 
used not only to evaluate radiolucent filling de-
fects identified on the excretory urogram, but is 
also of value for the detection of suspected cal-
culous disease in patients who are sensitive to 
contrast agents. Ultrasound can detect both ra-
dio-opaque and lucent stones and is independent 
of renal function. The characteristic ultrasound 
appearance is that of an echogenic structure 
which produces acoustic shadowing posteriorly 
secondary to attenuation of the sound beam. Soft 
tissue masses show no significant acoustical 
shadow. Calculi as small as 1.0 X 1.0 cm have 
been imaged.10 Hydronephrosis can be detected, 
and the dilated proximal ureter may also be 
visualized. Intraoperative roentgenography has 

long been used to determine the presence and 
position of renal stones, but provides only a two-
dimensional image. Ultrasound is capable of pro-
viding not only the two dimensions, but also may 
be used to indicate the depth of the stone from 
the surface of the kidney as well.11 Following 
sonographic localization of the calculus, a fine 
blunt needle can be directed toward the stone 
under ultrasound guidance. Once the stone has 
been sounded, a small nephrotomy can be made 
to remove it. Calculi as small as 2 to 3 mm have 
been detected using the higher frequency trans-
ducers utilized for intraoperative renal scanning. 

Both CT and ultrasound have been employed 
in an attempt to determine the chemical compo-
sition of calculus. At this time, there is no firm 
agreement among investigators on the value of 
this method for in vivo evaluation.5,12"14 

Conclusion 
While the radiolucent and relatively radiolu-

cent filling defects seen on the excretory urogram 
remain a diagnostic problem, C T and ultrasound 
are useful noninvasive means of distinguishing 
soft tissue from calculous disease. These modali-
ties have been useful in both the preoperative 
and intraoperative assessment of the position of 
renal calculi and are used for the follow-up eval-
uation of patients being treated to dissolve the 
stones. 
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