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Sonography and nuclear medicine are important tools 
in the evaluation of the kidneys and urinary tract. Due 
to its simplicity and ready availability, sonography is 

usually the initial imaging performed and, in many cases, 
the only examination required. The low cost and portability 
of modern equipment enable sonography to be an of  ce-
based or bedside procedure performed by the practitioner, 
adding to its convenience and attractiveness. Nuclear medi-
cine can obtain important functional data and complements 
other imaging modalities that cannot provide this informa-
tion. This functional assessment can be critical for clinical 
decisions and often avoids the necessity of invasive testing. 
This chapter reviews the advantages, disadvantages, and 
indications for each modality in the kidneys and urinary 
tract along with the basics of interpretation and common 
  ndings. 

 ULTRASONOGRAPHY 
The introduction and extensive use of ultrasonography over 
the past four decades has dramatically simpli  ed the diag-
nostic evaluation of the urinary tract. The acoustic proper-
ties, limited spectrum of pathology, and ease of visualization 
of the kidneys—coupled with the safety, simplicity, lack of 
radiation, and low cost—of sonography make it the initial 
modality of choice. The improved portability and afford-
ability of equipment and availability of training provide 
an opportunity for nephrologists to become skilled at this 
technique, thereby enhancing the diagnosis and care of their 
patients.

Sonographic images are acquired by analyzing the 
amplitude and interval of re  ected pulses of high-frequency 
sound. Time is converted to depth and amplitude is con-
verted to brightness (echogenicity) to yield a pixel-based 
image. Highly re  ective structures such as a stone appear 
bright and cast a dark, distal shadow. In contrast,   uid col-
lections such as cysts do not re  ect sound and appear dark 
but enhance the echogenicity of distal tissue (distal en-
hancement or through transmission). 1 Tissues such as re-
nal parenchyma have an intermediate echogenicity related 

to backscatter of sound from the microscopic architecture. 
Indications for ultrasound imaging of the kidneys and the 
bladder are diverse and include evaluation of acute renal 
failure, chronic kidney disease (CKD), cystic diseases, pain, 
hematuria, severe hypertension, urinary tract infections, and 
guidance for kidney biopsies. 

 Imaging and Normal Appearance of 
the Kidneys 
The adult kidney contains several lobules, each consisting 
of a rim of cortex surrounding a medullary pyramid that 
terminates in a papilla protruding into a minor calyx. The 
lobules fuse in utero or shortly after birth in most individu-
als. The cortex between two pyramids is called a column of 
Bertin. Minor calyces converge into major calyces that, in 
turn, converge to form the renal pelvis. The portion of the 
kidneys that is not parenchyma or urinary space is the sinus, 
which, in adults, is   lled with adipose tissue (Fig. 10.1). 
Longitudinal views of the kidney are obtained in the supine 
position with the probe positioned so that the upper pole 
appears on the left side of the image. In the longitudinal 
plane, the normal kidney has a characteristic oval shape 
with a hypoechoic (dark) rim of cortex and medulla sur-
rounding the echogenic (bright) sinus fat 2–4 that obscures 
the calyces and blood vessels (Fig. 10.2). The medullary 
pyramids are slightly less echogenic than the cortex 2 and 
can often be discerned. They are particularly prominent 
when cortical echogenicity is increased. Transverse images 
are obtained perpendicular to the longitudinal axis and the 
kidney appears circular at each pole and C-shaped through 
the center due to the break in the parenchyma where the 
ureter and vessels enter, thereby providing the best views of 
the renal pelvis and hilum. 

The appearance of the kidneys is subject to normal varia-
tions related primarily to incomplete fusion of the  ranunculi.
These include complete duplication of the collecting system, 
which appears as a band of cortex separating the sinus fat 
into two compartments (Fig. 10.3) and is present in 5% of 
kidneys, and hypertrophied columns of Bertin, where the 
cortex extends into the sinus but does not completely bridge 
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CHAPTER 10  ULTRASONOGRAPHY AND NUCLEAR MEDICINE 347

it (Fig. 10.4) and is present in 15% of kidneys. 5,6 Junctional 
parenchymal defects are the most subtle manifestation of in-
complete fusion, presenting as a wedge-shaped defect in the 
outer cortex   lled with echogenic fat that is continuous with 
the renal sinus fat by a thin strand. 6 In some individuals, the 
lobules fail to completely fuse and persist into adulthood. 
These so-called fetal lobulations appear as regularly spaced 
convexities, each containing a pyramid. 7 Lobulation may re-
appear in chronic kidney disease due to atrophy of the col-
umns of Bertin (Fig. 10.5). 

 Basis of Interpretation 
Interpretation of the renal sonogram is based on kidney 
size and shape, cortical thickness and echogenicity, and the 
appearance of the medullary pyramids, renal sinus, and the 
urinary space. 

 Size 
The best measure of renal size is volume, which corre-
lates well with glomerular   ltration rate. 8 But, due to the 
compounding nature of measurement errors in calculating 

 FIGURE 10.1 Intrarenal anatomy, midline coronal section. 
(Adapted from O’Neill WC. Sonographic evaluation of renal 
 failure.   Am J Kidney Dis.  2000;35:1021, with permission.) 

 FIGURE 10.2 Longitudinal image of a normal right kidney. 
Compared to the liver, the renal parenchyma appears as a rela-
tively hypoechoic, oval rim around the echogenic sinus fat. 

 FIGURE 10.3 Duplication of the collecting system. Longitudinal 
view of the kidney showing a band of tissue ( arrow ) demarcat-
ing two separate renal sinuses ( S ). 

 FIGURE 10.4 Hypertrophied column of Bertin. Longitudinal 
image of the left kidney showing cortex ( C ) protruding into the 
renal sinus between two medullary pyramids ( arrows ). 
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348 SECTION II  CLINICAL EVALUATION

volume, and the good correlation between maximum kidney 
length and renal volume, 9,10 maximum renal length is pre-
ferred for assessment of renal size on sonograms. Additional 
measurements in the transverse axes are very inaccurate and 
of no utility. Renal length averages 11 cm in adults, 10 and 
10 cm to 12 cm is a useful range for normal renal length 

at average body height. Because the variability in measure-
ments is 5%, 9 differences up to 1 cm may not be signi  cant. 
The variability may be greater in children, comprising as 
much as 2 to 3 years in the comparison of kidney length to 
age.11 Kidney length correlates best with body height in both 
adults and children (Fig. 10.6A) 10,12–14 and, after correction 
for body height, does not vary between sexes. Kidney length 
rapidly increases during the   rst year of life with a more 
gradual enlargement up to about 18 years 14,15 (Fig. 10.6B). 
Progressive enlargement occurs during pregnancy that re-
solves by 12 weeks postpartum, due primarily to parenchy-
mal enlargement—although some pelvocaliceal enlargement 
occurs, particularly in the right kidney. 16 Proper interpre-
tation of kidney size must take into account the effect of 
these nonpathologic factors. Compensatory hypertrophy is 
common in solitary kidneys in children (up to 80%–90% 
increase in volume), 17,18 and after nephrectomy in adults 
(5%–30% increase). 19,20 Enlargement of the kidneys occurs 
in nephritis and in  ltrative diseases, often accompanied by a 
rounded shape and increased echogenicity. 

 Cortical Thickness 
The thickness of the renal cortex is measured from the renal 
capsule to either the outer border of the medullary pyramids 
or to the arcuate arteries. A normal value of 9.3    1.1 mm 
was obtained in 23 renal transplant donors. 21 If medullary 
pyramids are not discernible, the parenchymal thickness be-
tween the sinus fat and the renal capsule (mean value of 15 
to 16 mm) may be used. 10 However, both parameters can 
vary within a kidney and are dif  cult to measure precisely. 
Cortical thinning is a sign of advanced chronic kidney dis-
ease. Increased cortical thickness is usually due to edema or 

 FIGURE 10.5 Normal neonatal kidney. Longitudinal view of the 
right kidney in a neonate showing accentuated lobules ( arrows ) 
and the medullary pyramid centered within each lobule. The cor-
tex is more echogenic than the liver and there is no sinus fat. 

 FIGURE 10.6 A:  Nomogram of renal length based on body height showing 95% con  dence limits for maximum length of the left 
kidney as a function of body height in children. ( Ad apted from Dinkel E, Ertel M, Dittrich M, et al. Kidney size in childhood: sonographic 
growth charts for kidney length and volume.  Pediatr Radiol.  1985;15:38, with permission.)  B:  Nomogram of renal length and age: 
presenting 95% con  dence limits for kidney length versus age in children. (Adapted from O’Neill WC.  Atlas of Renal Ultrasonography . 
Philadelphia: WB Saunders; 2011, with permission.) 
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in  ammation and is often accompanied by kidney enlarge-
ment, a globular shape, and obliteration of the sinus fat. 

 Cortical Echogenicity 
Comparison of renal cortex to the liver or spleen, at the 
same depth, is the basis for determination of cortical echo-
genicity. Renal cortical echogenicity depends on age and is 
often greater than liver echogenicity in neonates but should 
be less than or equal to 22,23 that of the liver or spleen by 
6 months of age. 24 After several years of age, the renal 
cortical echogenicity should always be less than the liver. 
Fibrosis, in  ltrating cells, and tubular debris and dilation 
can increase echogenicity. Transmission artifacts related to 
overlying   uid and ribs, and increased hepatic echogenicity 
in steatosis or cirrhosis, can bias the interpretation of corti-
cal echogenicity. 

 Medullary Pyramids 
The medulla should be less echogenic than the cortex 
but visibility depends on overlying structures and the fre-
quency of sound. Medullary disease usually causes increased 
echogenicity. 

 Renal Sinus 
The neonatal kidney contains very little fat but the nor-
mal renal sinus in adults should exhibit only echogenic fat. 
Occasionally, the calyces are visible in otherwise normal 
kidneys, particularly during a brisk diuresis 25,26 or during 
pregnancy. 27,28 Blood vessels may also be visible, particularly 
in children and young adults or in states of increased central 
venous pressure. 

 Parenchymal Diseases 
Glomerular or tubulointerstitial disorders usually present 
with diffuse changes in the kidneys. However, the changes 
can be similar in different disorders and the kidneys may ap-
pear normal. Thus, interpretation is very dependent on the 
clinical   ndings. 

The most common parenchymal disorder that causes 
acute kidney injury is acute tubular necrosis (ATN). The 
renal sonogram can be normal in ATN 29–31 but increased 
cortical echogenicity and cortical expansion have been ob-
served in both animal and human studies, 32–35 especially 
with nephrotoxic ATN, 32,35,36 whereas an enlarged hy-
poechoic cortex may be more typical of ischemic ATN. 6,32

The cortical  enlargement presumably represents edema 
whereas increases in cortical echogenicity may be due to 
cellular and proteinaceous casts and debris within the tu-
bules. The degree of renal enlargement has been shown 
to inversely correlate with recovery time from ATN. 34

In general, sonography is rarely useful in the workup of 
acute renal failure when the clinical picture suggests ATN 
and urinary obstruction is unlikely. However, it may be 
helpful in identifying underlying chronic kidney disease 
in this setting. 

 Glomerulopathies 
Although sonography is usually normal in glomerular dis-
eases, acute glomerulonephritis and thrombotic microangi-
opathies can appear as cortical enlargement and increased 
cortical echogenicity. 30,31,37,38 When taken in the context 
of chronic renal failure, even a normal cortical thickness is 
suggestive of glomerular disease (diabetic nephropathy) be-
cause other disorders usually lead to cortical thinning. 39 The 
cortex is typically normal in membranous nephropathy or 
immunoglobulin A (IgA) nephropathy. 30,31,40 In severe glo-
merulonephritis, the kidney may take a rounded shape and 
echogenic appearance that is barely recognizable as a kidney 
(Fig. 10.7). Enlarged, echogenic kidneys can also be seen in 
HIV nephropathy, 41,42 amyloidosis, and preeclampsia. 43

 Tubulointerstitial Disease 
Acute interstitial nephritis produces enlarged echogenic 
kidneys30,44,45 that have the same appearance as glomerulo-
nephritic kidneys. Chronic interstitial nephritis, particularly 
analgesic nephropathy (Fig. 10.8), presents with hyperecho-
ic medullary pyramids, often with cortical atrophy. 31,46,47

At a more advanced stage, papillary necrosis and calci  -
cations may be seen. 47–50 Medullary echogenicity can also 
be increased by uric acid deposition and nephrocalcinosis 
(Fig. 10.9), sickle hemoglobinopathies, Sjögren syndrome, 
and chronic hypokalemia. 51 Although acute pyelonephritis 
rarely produces renal failure, chronic pyelonephritis may 
cause chronic kidney disease and present with focal cortical 
scarring and thinning of the cortex often accompanied by 
caliectasis (Fig. 10.10). Xanthogranulomatous pyelonephri-
tis may lead to enlarged, cystic appearing kidneys. 52,53

 FIGURE 10.7 Acute glomerulonephritis. Longitudinal view of 
the right kidney showing a globular kidney with diminished 
sinus fat indicating cortical swelling. Note the prominence of the 
medullary pyramids due to increased cortical echogenicity. 
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Renal atrophy is usually the consequence of long stand-
ing renal disease or congenital defects, and presents as small 
kidneys with a thin cortex and accentuated lobulations 
(Fig. 10.11). The presence of renal atrophy does not provide 
any information on the underlying renal pathology but usu-
ally indicates that a renal biopsy will be uninformative. 

 Cysts 
Cysts are   uid-  lled structures with an epithelial lining usu-
ally originating from renal tubules. The typical sonographic 
features of cysts (anechoic structures with distal enhance-
ment) make them very easily discernible by ultrasonogra-
phy. The most common type of cyst is a sporadic acquired 
cyst, which can be present without any kidney disease. Cysts 
can be simple (Fig. 10.12) or complex (Fig. 10.13), with 

the criteria for complexity including thickening of the wall, 
calci  cations, more than two septations, and luminal echo-
genicity. Even though the great majority of complex cysts are 
benign, any complex cyst should be closely followed up with 
ultrasound or additional imaging studies (computed tomog-
raphy [CT] and magnetic resonance imaging [MRI]), given 
the possibility of cystic renal cell carcinomas. 54

Acquired cystic kidney disease (ACKD) and autoso-
mal dominant polycystic kidney disease (ADPKD) are the 
most common types of multicystic renal disease. ACKD is 
often encountered in patients with advanced chronic kidney 
disease (CKD) or end-stage renal disease (ESRD). Cysts are 

 FIGURE 10.9 Nephrocalcinosis. Longitudinal image of the right 
kidney showing multiple calci  cations in the inner medullae 
(arrows ) producing acoustic shadows ( S ). 

 FIGURE 10.10 Chronic pyelonephritis. Longitudinal view of 
the right kidney shows caliectasis of the lower pole ( C ), and loss 
of parenchyma with scarring of the upper pole ( arrows ).  L , liver. 

 FIGURE 10.8 Analgesic nephropathy. Longitudinal view of the 
right kidney showing hyperechoic pyramids with relative spar-
ing of the central portions. 

 FIGURE 10.11 Renal atrophy. Longitudinal image of the right kid-
ney showing a small kidney with a thin and hyperechoic cortex. 
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signi  cant renal enlargement. Other multicystic diseases 
such as medullary cystic kidney disease (MCKD), juvenile 
nephronophthisis, ACKD, or medullary sponge kidney 59,60

do not present with renomegaly. Multiple cysts with renal 
enlargement can be seen in von Hippel-Lindau disease, 
tuberous sclerosis, and multicystic dysplastic disease. Com-
plex cysts are also commonly seen in ADPKD and the main 
etiologies are intracystic hemorrhage and infection. Even 
though renal cell carcinoma can be seen in this ADPKD, 
these patients are not at increased risk. 61

 Urinary Obstruction 
Urinary obstruction typically results in hydronephrosis: a 
dilatation of the collecting system which may be predomi-
nantly seen in the minor calyces, the major calyces, or both. 
More atypical cases may present with minimal dilatation 
of the collecting system, particularly in the acute setting. 62

Hydronephrosis is only an anatomic diagnosis and may not 
indicate urinary obstruction. Brisk diuresis (such as in dia-
betes insipidus), papillary necrosis, and pregnancy can all 
result in nonobstructive calyceal dilatation. 28,62–64 Grading 
systems for severity of the hydronephrosis have proven to 
be of limited clinical utility because the degree of hydrone-
phrosis may correlate poorly with the extent of obstruction. 
When obstruction is the primary cause of renal failure, it is 
always associated with hydronephrosis. In acute obstruction, 
the cortex is intact (Fig. 10.16) whereas chronic obstruction 
can lead to marked thinning of the cortex (Fig. 10.17). Fail-
ure to visualize the proximal ureter suggests obstruction at 
the ureteropelvic junction, whereas a dilated proximal ureter 
(hydroureter) (Fig. 10.16) indicates either obstruction at the 
level of the ureter or bladder. A large postvoid bladder indi-
cates urinary retention, where sometimes the distal ureters 
can also be visualized (Fig. 10.18), whereas an empty blad-
der with dilatation of the distal ureters suggests obstruction 

typically of smaller size and the kidney is usually echogenic 
and small 55 (Fig. 10.14). ADPKD is the most common inher-
ited cause of renal failure, and sonography is the cornerstone 
of diagnosis using speci  c criteria established by Ravine et 
al.56 The performance of these criteria was found to be sub-
optimal in the PKD-2 genotype and revised uni  ed criteria 
have recently been  published by an international group of 
investigators (Table 10.1). 57

The pathognomonic sonographic appearance of AD-
PKD includes presence of multiple bilateral renal cysts 
(Fig. 10.15) and liver cysts (in 83%–90% of patients) 58 with 

 FIGURE 10.12 Simple cyst. Longitudinal image of the left kid-
ney showing a round hypoechoic structure ( large arrow ) in the 
lower pole, which presents with distal acoustic enhancement 
(small arrows ), consistent with a simple cyst. 

 FIGURE 10.13 Complex cyst. Longitudinal view of the left kid-
ney shows a cyst with an irregular wall ( black arrow ) and several 
internal echoes. 

 FIGURE 10.14 Acquired cystic kidney disease. Longi tudinal 
view of the right kidney showing multiple cysts ( c ) with an inter-
vening echogenic cortex. 
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at the bladder inlet. Recognition of hydronephrosis can be 
dif  cult in polycystic kidney disease (PKD), where massive 
cyst formation can prevent or obscure calyceal dilatation 
and more subtle signs should be sought (Fig. 10.19). This is 
an important cause of acute renal failure and can be due to 
stones or blood clots from cyst rupture. Radioisotope scan-
ning may con  rm obstruction when sonographic   ndings 
are not characteristic. 

 Occasionally, peripelvic cysts may also mimic hydrone-
phrosis (Fig. 10.20). These are actually dilated  lymphatics 
and, because they track with the blood vessels, can some-
times have a branching pattern. A rim of sinus fat separat-
ing the “cysts” from the parenchyma and the absence of a 
dilated ureter are useful hints toward peripelvic cysts. An-
other  differential diagnosis for hydronephrosis is venous 
engorgement often seen in cases of volume overload or 
renal vein thrombosis. In general, the renal vein branches 
before  entering the renal sinus (bush appearance) whereas 
the collecting system branches in the sinus (pruned tree 
 appearance). The presence of venous pulsations and the 
tracking of the vein medially to the vena cava, as well as the 

 FIGURE 10.15 Autosomal dominant polycystic kidney 
 disease. Longitudinal view of the right kidney showing an 
 enlarged  kidney with numerous cysts (hypoechoic structures) 
of  different sizes. 

 Age Group (years) Diagnostic Criterion NPV PPV Accuracy 

 15–29    1 renal cyst 0.908 0.966 0.934 

      2 renal cysts 0.877 0.992 0.924 

      3 renal cysts 0.855 1.0 0.912 

 30–39    2  renal cysts in each 0.875 1.0 0.922 
kidney

      1 renal cyst 0.983 0.94 0.962 

      2 renal cysts 0.97 0.979 0.974 

      3 renal cysts 0.964 1.0 0.984 

 40–59    2  renal cysts in each 0.948 1.0 0.965 
kidney

      1 renal cyst 1.0 0.897 0.960 

      2 renal cysts 1.0 0.967 0.988 

      3 renal cysts 0.984 0.965 0.978 

 NPV, negative predictive value; PPV, positive predictive value. 
 Adapted from Pei Y, Obaji J, Dupuis A, et al. Uni  ed criteria for the ultrasonographic diagnosis of ADPKD . J Am Soc 
Nephrol.  2009;19:205–212, with permission. 

 Performance Characteristics of Ultrasonographic Diagnostic 
Criteria for Autosomal Dominant Polycystic Kidney Disease in 
 At-Risk Individuals Without Information on Genotype 

TA B L ETA B L E

10.1
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 FIGURE 10.17 Chronic hydronephrosis. Longitudinal view of 
the right kidney showing dilated calyces that extend to the 
 renal capsule, indicative of an extremely thin cortex. 

 FIGURE 10.18 Urinary bladder retention. Transverse view show-
ing an extremely dilated bladder. The distal ureters (  arrows ) are 
visible posterior to the bladder. 

use of Doppler sonography, can differentiate blood vessels 
from the urinary tract. Occasionally, the renal pelvis is situ-
ated outside the sinus (extrarenal pelvis) appearing as a di-
lated proximal ureter but without any calyceal enlargement 
(Fig. 10.21). 

The urinary bladder should be carefully examined by 
sonography in all patients with hydronephrosis. Additional 
indications are anuria, hematuria, pain, and urinary tract 
infections. The bladder is located in the midline, posterior 
to the symphysis pubis, and contains no luminal structures. 
When full, it appears as an anechoic   uid collection that is 

oval in transverse plane and becomes more elongated in the 
sagittal plane. The bladder volume is calculated by using the 
following formula for ellipsoid structures 65:

Volume   0.523   length   width   depth 

A normal bladder is usually empty after a complete 
void and should not contain more than 10 mL of urine. 
A postvoid residual volume of more than 50 mL is associ-
ated with a threefold risk of urinary retention in males and 
is often used as a threshold for the diagnosis of urinary 
retention. 66 Hyperechoic structures such as stents, Foley 
catheters, bladder stones (Fig. 10.22), tumors, and blood 

 FIGURE 10.16 Acute hydronephrosis with hydroureter. Longitudinal image of the right kidney showing dilatation primarily of the 
 major calyces ( C ) with some enlargement of the minor calyces and with conserved parenchymal thickness. The dilatation of the pelvis 
(P ) and ureter ( U ) is easily visualized. 
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354 SECTION II  CLINICAL EVALUATION

 FIGURE 10.19 Hydronephrosis in autosomal dominant 
 polycystic kidney disease. Converging dilated calyces ( C ) are 
 apparent in this young patient who presented with major 
 hemorrhagic cyst rupture and acute renal failure due to ureteral 
clots. Hydronephrosis resolved after ureteral stent placement. 
The multitude of cysts and disruption of the normal anatomy 
often make detection of hydronephrosis dif  cult. 

 FIGURE 10.20 Peripelvic cyst. Longitudinal view of the left 
kidney showing a hypoechoic structure where the renal pelvis 
is expected to be seen. The absence of calyceal dilatation and 
presence of the echogenic sinus fat interposed between the 
cyst and the parenchyma are indicative of peripelvic cysts rather 
than hydronephrosis. 

 FIGURE 10.21 Extrarenal pelvis. Longitudinal view of the left 
kidney. There is apparent dilatation of the initial proximal ureter 
with no further hydroureter. Although the major calyces can 
be seen converging into the extrarenal renal pelvis, there is no 
enlargement of the minor calyces. 

clots (Fig. 10.23) may be visible in the bladder. The pres-
ence of urinary jets from a ureter proves its patency. Ureter-
al stents may transmit bladder pressure back to the kidney, 
resulting in hydronephrosis. Thus, the diagnosis of stent 
obstruction requires an empty bladder. 

 Kidney Stones and Calci  cations 
Stones typically re  ect most of the sound, rendering them 
echogenic with a distal shadow and very easily discernible by 
ultrasonography no matter what the composition. However, 
both   ndings may not be present and small kidney stones 

 FIGURE 10.22 Foley catheter and bladder stone. Transverse 
view of the bladder shows a perfectly round shaped circle 
with echogenic walls (in  ated balloon) surrounding the cen-
tral  echogenic catheter. Adjacent to the left side of the Foley 
catheter, a small opacity with a posterior shadow represents a 
bladder stone. 

354



CHAPTER 10  ULTRASONOGRAPHY AND NUCLEAR MEDICINE 355

 FIGURE 10.23 Clot in the bladder. Sagittal view of a distended 
bladder containing a hyperechoic mass, representing a blood 
clot ( arrow ). 

 FIGURE 10.24 Kidney stone. Longitudinal view showing a 
hyperechoic stone ( large arrow ) in the lower pole that casts an 
acoustic shadow ( small   arrows ). 

 FIGURE 10.25 Staghorn calculus. Longitudinal image of the 
right kidney showing a long curvilinear echogenicity in the re-
nal sinus with dense acoustic shadows ( S ). 

and ureteral stones may not be visible. Stones are seen in the 
urinary space (Fig. 10.24) and may be associated with uri-
nary obstruction, hydronephrosis, and urinary tract infection. 
Staghorn calculi typically   ll the entire calyceal system but can 
appear as multiple stones on single images (Fig. 10.25). 

In nephrocalcinosis (Fig. 10.9) and papillary necrosis, 
the calci  cation is in the renal medulla and not the urinary 
space but this distinction can sometimes be dif  cult. The dif-
ferential diagnosis also includes ureteral stents, which typi-
cally are not as echogenic and yield less distinct shadows. 

 Neoplasms 
Renal neoplasms are usually discovered incidentally or 
during the workup for pain or hematuria. Special attention 

should be given to rule out cysts, transmission artifacts, 
and normal variants such as lobulation and hypertrophied 
columns of Bertin. 67 Although the absence of blood   ow by 
Doppler ultrasound may point to a cyst, additional imaging 
is almost always indicated because sonography can rarely 
identify the cause of a solid lesion. 

 Renal Cell Carcinoma 
The typical sonographic appearance of renal cell carcinoma 
is of a well-demarcated hypoechoic mass that distorts the 
renal contour (Fig. 10.26), but tumors can be isoechoic (and 
more dif  cult to visualize) and can be hyperechoic when 
small (  3 cm). About 10% of renal cell carcinomas have a 
cystic appearance. 68

Transitional cell carcinoma is a tumor of the renal pel-
vis that typically presents as a relatively hypoechoic mass 
within the renal sinus, separated from parenchyma by fat 
tissue.69–71 They can also contain echogenic areas and oc-
casionally can be diffusely in  ltrative. 

 Angiomyolipoma 
Sporadic angiomyolipomas (AMLs) are the most commonly 
encountered tumors in kidneys (autopsy incidence of 11%, 
more commonly seen in middle-aged women) 72 but mul-
tiple AMLs can be observed in tuberous sclerosis. They are 
not malignant but may cause hemorrhage. The typical pre-
sentation is of a very echogenic parenchymal mass (due to 
the high fat content) with an acoustic shadow in 33% of 
cases73 (Fig. 10.27). 
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anatomic considerations. The allograft is usually placed in 
the right pelvic fossa, aligned along the incision with the hi-
lum oriented inferiorly and posteriorly, but a variety of other 
orientations can be encountered especially in obese patients, 
repeat transplantations, and combined kidney-pancreas 
transplantation. The donor artery and vein are anastomosed 
to the external iliac (or the common iliac) vessels and the 
ureter is anastomosed to the superolateral wall of the bladder 
(Fig. 10.28). When two kidneys are transplanted en bloc, 
portions of the donor aorta and vena cava are retained and 
anastomosed to the recipient vessels. 78,79 The kidney is often 
placed within the peritoneum when combined with a pan-
creas transplant. In very young children, the kidney may be 
placed posterior to the cecum with anastomosis of the donor 
vessels to the great vessels. 79 The anatomic relationships are 
readily apparent on sonograms. The psoas muscle and iliac 
vessels lie posteriorly and are usually imaged transversely on 
longitudinal scans of the allograft. The former can be iden-
ti  ed by its contraction when the leg is   exed at the hip, 
and the latter are frequently pulsatile. The ureter and renal 
vessels are often visible even in normal allografts. The ure-
ter courses medially, usually lying directly under the lower 
(medial) pole, whereas the renal vein travels posteriorly. 
The bladder lies medially and can easily be mistaken for a 
perirenal   uid collection. The peritoneum is superior and 
occasionally anterior to the allograft, typically appearing as a 

 Metastasis and In  ltrative Neoplastic Diseases 
In  ltration of the kidneys is common in lymphomas (20% 
on CT scan, 74 50% on autopsies 75). They can cause acute 
renal failure by obstruction or diffuse in  ltration. 76 The typi-
cal appearance is of multiple hypoechoic masses but a “peri-
renal halo” is also a classic but more unusual occurrence. 77

Leukemias can also in  ltrate the kidney. Other solid tumors 
(e.g., lung cancer) may metastasize to the kidney, in which 
case they tend to be focal and nodular and are not distin-
guishable from other tumors. 

 Infections 
Sonography is not indicated in most routine cases of pyelo-
nephritis. Indications include male gender, children, failure 
to resolve, complications, and frequent recurrence. Pyelo-
nephritis is usually lobular, appearing as a poorly de  ned 
hypoechoic area corresponding to a lobule, but it occasion-
ally is diffuse. This can progress to abscesses which are usu-
ally single or multiple, heterogenous masses. The differential 
diagnosis includes complex cysts and neoplasms, which may 
require CT or MR for diagnosis. 

 Hemorrhage 
Renal hemorrhage usually appears as perirenal or subcap-
sular hematomas and usually results from percutaneous 
kidney biopsy, surgery, or trauma. Initially they may appear 
as anechoic   uid collections but typically they are heteroge-
neous with   uid and solid components. 

 Transplanted Kidneys 
Although many aspects of sonography are similar in native 
and transplanted kidneys, important differences exist due to 

 FIGURE 10.26. Renal cell carcinoma. Longitudinal view of the 
left kidney shows a hypoechoic mass ( arrow ) in the upper pole 
which was con  rmed to be a renal cell carcinoma. 

 FIGURE 10.27 Angiomyolipoma. Longitudinal view of the left 
kidney shows a small, brightly echogenic mass in the cortex 
(arrowhead ) without any distal shadowing. 
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cases of rejection. When present,   ndings consist of cor-
tical swelling and increased echogenicity (due to  cellular
in  ltration). Allograft enlargement is fairly speci  c for 
acute rejection 83–90 but can occur with ATN and recurrent 
nephritis (Fig. 10.29). Infections (pyelonephritis and BK vi-
rus) can also cause allograft failure but sonographic   ndings 
are  nonspeci  c. 

 Urinary Obstruction of the Allograft 
The frequent occurrence of urinary tract obstruction is the 
principal reason for performing sonography in most trans-
plant patients presenting with acute renal failure. In the im-
mediate postoperative period, the ureter may be obstructed 
by intraluminal blood clots, kinking, or external compres-
sion by edema or hematomas. Urinary retention, lympho-
celes, and ureteral strictures are responsible for most other 
cases,91,92 but are rarely seen when ureteral stents are rou-
tinely placed during transplantation. Acute rejection within 
the ureter may also obstruct urine   ow. 93,94 Ultrasonogra-
phy is an excellent test to diagnose obstruction in allografts 
with a sensitivity of almost 100%. 95 Speci  city is lower be-
cause hydronephrosis is not always an indication of obstruc-
tion because small degrees of calyceal dilatation are easily 
and commonly seen in otherwise normal allografts. Mild, 
and even moderate, dilatation may not be a manifestation 
of urinary obstruction, 92,96 but dilatation of the minor ca-
lyces and ureter are usually indicative of obstruction (Fig. 
10.30). Sonography is also very useful in pinpointing the 
site of obstruction. Hydronephrosis without dilatation of the 
proximal ureter indicates obstruction at the ureteropelvic 
junction, which may be caused by extrinsic compression by 
a lymphocele or ureteral strictures. 97 In both cases, there is 
usually abrupt tapering of the renal pelvis. A common site 
for strictures is in the distal segment or near the anastomosis 

beaklike projection over the allograft, and is easily identi  ed 
by the peristalsis of the bowel loops. 

Sonography of the transplanted kidney is indicated in 
most cases of acute renal failure 80 and can easily diagnose 
thrombosis of the renal artery or vein, urinary obstruction, 
and urine leaks in the immediate postoperative period. Other, 
nonspeci  c   ndings can suggest acute rejection. Sonography 
can be helpful in guiding percutaneous biopsy, diagnosing 
  uid collections, measuring residual bladder volume, and 
identifying ureteral stents. 

 Allograft Parenchymal Disease 
The visualization of renal allografts is easier than na-
tive kidneys but suffers from the inability to evaluate two 
important parameters: renal size and echogenicity. Mea-
surement of renal length is problematic due to the frequent 
inability to capture the entire length of the kidney in one 
view and the uncertainty of its signi  cance due to both 
donor-dependent and recipient-dependent variables. Renal 
size can increase up to 40% during the 6   rst months after 
transplantation.81–83 Evaluation of echogenicity is dif  cult 
due to the lack of an adjacent reference organ. The only 
useful clues are prominence of the medullary pyramids 
and, when echogenicity is markedly increased, blending of 
the allograft with the surrounding tissue. Because of these 
limitations and also the simplicity of allograft kidney bi-
opsy, size and echogenicity are usually not considered in 
clinical decisions .

The most common causes of allograft failure are acute 
tubular necrosis (related to harvesting or storage), acute 
rejection, drug toxicity, chronic allograft nephropathy, and 
recurrent disease, but sonographic   ndings lack sensitiv-
ity and speci  city in diagnosing any of these. In  particular, 
kidneys often appear normal in mild and even moderate 

 FIGURE 10.29 Acute rejection, longitudinal scan. The kidney 
is swollen and globular and the cortex is brightly echogenic, 
rendering medullary pyramids ( P ) very prominent. 

 FIGURE 10.28 Anatomic relationships of the kidney. (Adapted 
from O’Neill WC.   Atlas of Renal Ultrasonography . Philadelphia: 
WB Saunders; 2011, with permission.) 
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rejection but is now known to be nonspeci  c. 99,100 Addi-
tional causes of echogenicity within the collecting system are 
stents, hemorrhage, stones, and infection. 

 Fluid Collections and the Kidney Allograft 
Fluid collections consisting of blood, urine, or lymph can 
be complications of transplant surgery. 95 Sonography cannot 
distinguish different types of   uid but the location, shape, 
internal structure, and the clinical presentation can all help 
in making the correct diagnosis. Additional studies such as 
examination of aspirated   uid and pyelography or radio-
nuclide scanning to detect extravasation of urine may be 
needed. Care must be taken to distinguish   uid collections 
from the bladder or ascites. 

Lymphoceles are the most common   uid collections en-
countered near renal allografts, with a frequency as high as 
20%.91,101 Half occur in the   rst 10 months after surgery 
but they can occur as late as 4 years. 101 They are usually 
not diagnosed unless they compress the ureter or the iliac 
vein and spontaneous resolution is a common feature. 101

In general, two types of lymphoceles are observed, consis-
tent with different origins. 91,92,101 Most commonly they arise 
from donor lymphatics and are seen immediately adjacent 
to the allograft and have a propensity to obstruct the proxi-
mal ureter. They often appear as triangular-shaped   uid 
collections adjacent to the normal pelvis (Fig. 10.32) but 
can attain any shape and even surround the allograft when 
large. Less commonly, lymphoceles arise from native lym-
phatics disrupted during anastomosis of the donor vessels. 
They are in proximity to the iliac vein and have a tendency 
to obstruct the venous drainage of the leg, producing ipsi-
lateral edema. 92,102

with the bladder. 91,97 In this setting the dilated ureter can be 
followed to the bladder and remains dilated when the blad-
der is emptied. 

Thickening of the calyceal or ureteral walls is not un-
common and can be mistaken for luminal dilatation. This 
is usually caused by edema (Fig. 10.31) and has a   ne echo 
pattern as opposed to anechoic urine. A   ne central line 
presumably representing apposition of the luminal surfaces 
is occasionally seen. 98 Edema is frequently associated with 
stents and may also be caused by ureteral rejection. 93 Caly-
ceal thickening was initially thought to be a sign of acute 

 FIGURE 10.30 Mild hydronephrosis of the allograft kidney. 
Transverse view of the allograft shows mild dilatation of the 
 calyces ( C ), consistent with mild hydronephrosis. 

 FIGURE 10.31 Urinary leak and ureteral stent. Transverse view 
of the allograft kidney ( K ) shows a small urine leak ( arrow ) sur-
rounding a ureteral stent ( arrowheads ), medial to the allograft. 

 FIGURE 10.32 Large lymphocele with hydronephrosis. The lym-
phocele ( L ) presents as a hypoechoic collection medially situ-
ated vis-à-vis the allograft and causing obstruction of the ureter 
resulting in dilatation of calyces ( C ) and renal pelvis ( P ). 
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the   ow and absent when the sound is perpendicular. In 
practice, the scanning angle should ideally be no greater 
than 60 degrees because large errors in velocity occur 
above this. This becomes critically important in evaluat-
ing the renal artery. The Doppler signal can be displayed 
in several formats. A small region can be selected (e.g., 
the lumen of a blood vessel) and velocity versus time dis-
played as a graph (pulse wave Doppler). Alternatively, a 
larger region can be selected and the velocities displayed 
on a color scale superimposed on the B-mode image (col-
or   ow Doppler). These modes can be combined (duplex 
Doppler). Lastly, the signal can be displayed in a vector-
less form (power Doppler) where the color scale indicates 
the speed but not the direction. This last mode is useful 
for demonstrating the presence or absence of   ow, and 
has the advantage of being less dependent on the angle 
of insonation. 

In the kidney, Doppler sonography is used primarily 
to determine whether masses are vascular and to diagnose 
vascular disorders, particularly renal artery stenosis. The 
main renal artery and vein branch into segmental (also 
called interlobular) vessels at the renal hilum, which is lo-
cated just outside of the medial aspect of the mid kidney. 
The segmental vessels travel through the renal sinus di-
rectly to the parenchyma, usually without further branch-
ing. They course through the columns of Bertin between 
the medullary pyramids, branching into the arcuate vessels 
at the corticomedullary junction. Evaluation of the renal 
vasculature usually consists of two separate examinations: 
(1) direct visualization and measurement of velocity in the 
renal artery or vein; and (2) analysis of wave forms in in-
trarenal arteries. 

Urinomas, arising from urine leaks, need to be consid-
ered when   uid collections are seen within several weeks 
after surgery. 91 Tenderness and fever occur in one half and 
one quarter of patients, respectively, 103 but acute renal fail-
ure or delayed graft function can also be seen. Urinomas are 
usually adjacent to the ureter, but they can dissect along tis-
sue planes and form seemingly separate collections, usually 
medial or anterior to the allograft and even surrounding it 
(Fig. 10.33). The appearance can be identical to that of a 
lymphocele, but often the margins are irregular and indis-
tinct. Dilatation of the collecting system proximal to the leak 
is common. 102,103

Hematomas are commonly seen in sonograms per-
formed in the   rst few weeks after transplantation 91,92 but 
can also be seen after percutaneous biopsy. The typical ap-
pearance is of a heterogeneous mass containing both liquid 
(anechoic) and solid (echogenic) components. Echogenicity 
may increase with the level of organization of the clot. 

Seromas are related   uid collections that are extremely 
common in the immediate postoperative period. These 
serosanguineous collections usually follow tissue planes 
anterior to the allograft and thus appear linear, often with 
septations (Fig. 10.34). They generally have little clinical 
signi  cance and resolve spontaneously, and are important 
only in the differential diagnosis of other types of   uid 
collections. 

 Doppler Ultrasonography of the Kidneys 
Doppler ultrasound measures the shift in frequency when 
sound strikes a moving object. This shift is dependent on 
the angle of the sound beam relative to the direction of 
  ow, so that it is maximal when the sound is parallel to 

 FIGURE 10.33 Large urinoma, longitudinal scan. The urinoma 
(U ) appears as a large, complex   uid collection medial to the 
allograft ( K ). Hydroureter ( HU ) and renal pelvis dilatation ( P ) are 
common with urine leaks. 

 FIGURE 10.34 Seroma ( S ) appears as a complex   uid collection 
containing echogenic material in the subcutaneous tissue ante-
rior to the allograft ( K ). 
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 Renal Artery Doppler 
Examination of the renal artery is usually performed to rule 
out stenosis but should be reserved for patients with a high 
index of suspicion due to the poor performance of Doppler 
ultrasound. This can be a challenging examination in many 
patients because of overlying bowel gas, dif  culty in achiev-
ing an angle less than 60 degrees, and the presence of multi-
ple renal arteries in 30% of individuals. As many as a third of 
examinations may be inadequate. 104 The artery is examined 
by color   ow Doppler from the aorta to the renal hilum, look-
ing for narrowing, poststenotic dilatation, and turbulent, high 
velocity   ow (Fig. 10.35). The diagnosis of signi  cant renal 
artery stenosis is suggested by peak blood velocities greater 
than 2.0 meters per second (Fig. 10.36), and/or a ratio of 
peak systolic velocities in the renal artery and aorta above 3.5. 

 Intrarenal Arteries 
Examination of the intrarenal arteries (segmental or in-
terlobular) is limited to analysis of the waveforms, which 
can provide information on blood flow in the larger ves-
sels. In renal artery stenosis, systolic flow can be damp-
ened, leading to a delay in the peak flow (Fig. 10.36). 
In renal vein thrombosis, increased distal resistance can 
reduce diastolic flow. There may even be reversal of dia-
stolic flow, which is virtually pathognomonic for renal 
vein thrombosis. Because most waveform analysis is 
based on indices (one portion of the wave compared to 
another) or on time, rather than on absolute velocity, it 
is independent of the angle of insonation. It is therefore 
a far easier study to perform but the evidence obtained 
is indirect. 

 FIGURE 10.35 Renal artery Doppler.  A:  Normal right renal artery, midline transverse image.  B:  Stenotic left renal artery, midline trans-
verse image. Note the turbulent   ow (speckled color pattern) and the poststenotic dilatation.  C:  Normal right renal artery, coronal 
view, with a peak systolic velocity of 53 m per second.  D:  Stenotic right renal artery, midline transverse view. The peak systolic velocity 
averages well over 300 m per second. (Images courtesy of Sue Zellman, RDMS, RVT.) 
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management, nephrologists should consider incorporating 
this tool into their practice. The simplicity, the low cost and 
portability of the equipment, and the availability of training 
all make this a realistic goal. Certi  cation in the performance 
and interpretation of renal sonograms can be obtained from 
the American Society of Diagnostic and Interventional Ne-
phrology (www.ASDIN.org). Even if they are not performing 
the procedure themselves, nephrologists must have a com-
prehensive understanding of sonography of the kidneys and 
the urinary tract because interpretation frequently requires 
clinical input and correlation. 

 NUCLEAR MEDICINE IMAGING 
OF THE KIDNEYS 
Radionuclide renal scintigraphy provides important func-
tional data to assist in the diagnosis and management of pa-
tients with a variety of suspected genitourinary problems. 
Requesting a renal scan, however, is not always straightfor-
ward because there are   ve different renal radiopharmaceu-
ticals and several imaging protocols. Renal scintigraphy is 
also complicated by the fact that there can be marked dif-
ferences in scan quality at different institutions despite us-
ing the same radiopharmaceutical, the same equipment, and 
identical billing. To ensure that the patient receives the most 
appropriate study, the clinical question must be clearly spec-
i  ed. In addition, referring physicians should be familiar 
with the elements that make up a quality study, the  different 
procedures and their limitations, the principal radiophar-
maceuticals and the rationale for their use, as well as the 
terminology and quantitative parameters often included in 
the report. To achieve these goals, this section describes the 
available radiopharmaceuticals, the basic renal scan, and the 
quantitative indices used to interpret the study; it also re-
views clearance measurements, the primary scan indications 
(Table 10.2), essential information needed by patients, ra-
diation exposure, and includes a short discussion of renal 
scan applications in selected clinical settings. 

 Renal Artery Stenosis 
A number of Doppler parameters have been applied to the 
diagnosis of renal artery stenosis including direct measure-
ments and indices of velocity and acceleration, indices of 
resistance and pulsatility, or combinations of these. 105

Although good results have been published using renal ar-
tery Doppler as a screening test for renal artery stenosis, a 
large meta-analysis showed that CT angiography and MR 
angiography performed signi  cantly better. 106

 Parenchymal Disease 
Much attention has been focused on duplex Doppler as a di-
agnostic tool for renal disease but the   ndings are nonspeci  c. 
Resistive index has been proposed as a parameter to predict 
outcomes after revascularization of stenotic kidneys, 107 but 
this approach is   awed because the resistive index is in  u-
enced by systemic parameters such as heart rate and pulse 
wave velocity. 108,109 Doppler indices are of no utility in the 
diagnosis of acute rejection in transplanted kidneys. 110,111

 Renal Vein Doppler 
The main renal veins are often visible in adults and can be 
prominent in children or young adults, in patients with heart 
failure, and in in  amed kidneys. The right renal vein tracks 
directly from the inferior vena cava to the right kidney where-
as the left renal vein has a longer course, passing just under-
neath the origin of the superior mesenteric artery. Renal vein 
thrombosis presents as enlarged, echogenic kidneys with clot 
sometimes visible within the lumen of the renal vein, best de-
tected by power Doppler. When limited to the intrarenal ves-
sels, the thrombus may not be visible. Duplex Doppler may 
reveal absent   ow in the renal vein although this can be dif  -
cult to determine due to the lack of pulsatility in venous   ow. 

 The Role of the Nephrologist 
Because sonography is the most common imaging modal-
ity in patients with kidney disease and is essential to their 

 FIGURE 10.36 Intrarenal Doppler waveforms.  A:  Normal segmental artery with maximum  systolic  acceleration of approximately 
1000 m per sec 2 .  B:  Normal intraparenchymal artery.  C:  Segmental artery with maximum systolic acceleration less than 200 m per sec 2 , 
indicative of renal artery stenosis.  D:  Intraparenchymal artery showing marked delay and blunting (tardus-parvus) of the systolic peak 
consistent with severe renal artery stenosis. (Images courtesy of Sue Zellman, RDMS, RVT.) 
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enough photons to be used for imaging and the tracer is not 
available in the United States. 

125 I-iothalamate (Glomerular Filtration) 
125 I-iothalamate is used to measure GFR. 112  Iodine-125 does 
not emit a photon of suf  cient energy to be useful for renal 
imaging. 

99m Tc-MDP (Glomerular Filtration) 
99m Tc-MDP (methylene diphosphonate) is a bone imag-
ing tracer but it is cleared by glomerular   ltration. Mea-
surements of relative renal uptake (relative GFR) can be 
obtained at the time of a bone scan using standard renal 
software. 

123 I- and  131 I-OIH (Tubular Secretion) 
 Iodine-123 and iodine-131 orthoiodohippurate (OIH) are 
cleared primarily by the proximal tubules although a small 
component is   ltered by the glomeruli. The clearance of 
OIH is approximately 500–600 mL per minute in subjects 
with normal kidneys; this clearance is often described as the 
effective renal plasma   ow (ERPF). 113  There is a common 
misconception that the ERPF (OIH clearance) is equivalent 
to renal plasma   ow or, at least, proportional to renal plasma 
  ow. The clearance of OIH and the clearance of  99m Tc tubu-
lar tracers have two components: (1) delivery to the kidney 
(renal plasma   ow) and (2) extraction from the plasma and 
transport to the tubular lumen (tubular function). These pa-
rameters do not always change in a proportional fashion. 
Because of poor imaging characteristics, the potential for de-
livering a high radiation dose, and/or unfavorable logistics, 
123 I- and  131 I-OIH are no longer commercially available in 
the United States. 114,115  

99m Tc-MAG3 (Tubular Secretion) 
99m Tc-mercaptoacetyltriglycine (MAG3) is highly protein-
bound and is removed from the plasma almost exclusively 
by the organic anion transporter 1 (OAT1) located on the ba-
solateral membrane of the proximal renal tubules. 113,116,117

The extraction fraction is 40% to 50%, 116  more than twice 
that of DTPA. Because of its more ef  cient extraction, 
MAG3 is preferred over DTPA in patients with suspected 
obstruction and impaired renal function and is used in ap-
proximately 70% of the renal scans performed in the United 
States. 118–122  

 The MAG3 clearance averages about 320 mL/min/1.73 
m 2  in adults under age 40 and decreases by approximately 
1% per year after age 40. 123,124  The clearance of MAG3 is 
highly correlated with the clearance of OIH, and MAG3 
clearance can be used as an independent measure of renal 
function. 112,113  

99m Tc-L,L and D,D-EC (Tubular Secretion) 
99m Tc-L,L and D,D ethylene dicysteine (EC) are enantiomers—
both are excellent renal radiopharmaceuticals with clearances 

 Radiopharmaceuticals 
 The radiopharmaceuticals available for assessment of renal 
function and anatomy can be grouped into three broad cat-
egories: radiopharmaceuticals   ltered by the glomerulus, 
tracers primarily secreted by the renal tubules, and those re-
tained in the renal tubules for long periods of time. 

99m Tc-DTPA (Glomerular Filtration) 
99m Tc-DTPA (technetium-99m diethylenetriamine penta-
acetic acid) is the only renal radiopharmaceutical available 
for routine imaging that is purely   ltered by the glomerulus; 
consequently, it is the only  imaging  radiopharmaceutical that 
can be used to measure glomerular   ltration rate (GFR). 112

In normal subjects, the extraction fraction of DTPA (the per-
centage of the tracer extracted with each pass through the 
kidney) is approximately 20%; this extraction fraction is 
relatively low compared to the extraction fraction of tubular 
tracers (40%–50%). 

51 Cr-EDTA (Glomerular Filtration) 
51 Cr-EDTA (chromium-51 ethylenediamine-tetraacetic acid) 
is used to measure GFR. 112  Chromium-51 does not emit 

I. Basic Renogram  
  To assess renal function and urodynamics 
  To determine the percent of total renal function 

 contributed by each kidney 

II. Diuresis Renogram  
  To diagnose or exclude urinary tract obstruction 

III. ACE Inhibition (RVH or Captopril) Renogram  
  To diagnose or exclude renovascular hypertension 

IV. Renal Transplant Scintigraphy  
  To evaluate arterial   ow and function 
  To help diagnose rejection and acute tubular necrosis 
  To detect urinary leak, infarct, or out  ow obstruction 

V. Renal Cortical Scintigraphy  
  To detect or exclude pyelonephritis 
  To determine the percent of the total renal function 

contributed by each kidney 

VI. Radionuclide Cystography  
  To detect, quantitate, and monitor re  ux 
  To evaluate asymptomatic siblings of children with 

re  ux 

 ACE, angiotensin-converting enzyme; RVH, renovascular hypertension. 

 Scans and Primary Clinical Indications 
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slightly higher than MAG3. 125,126 Although D,D-EC is cleared 
more rapidly than LL-EC, 127 LL-EC was   rst described and is 
available in several countries as a kit formulation.

99m Tc-DMSA (Cortical Retention) 
99mTc-DMSA (dimercaptosuccinic acid) is an excellent corti-
cal imaging agent that is used primarily in pediatrics to evalu-
ate relative function, pyelonephritis, and renal  scarring.128,129

Approximately 40% of the injected dose is retained by the 
renal tubules within 1 hour after injection; the remainder is 
slowly excreted in the urine over the subsequent 24 hours. 

99m Tc-GH (Cortical Retention and GFR) 
99mTc-GH (glucoheptonate) is cleared both by glomerular 
  ltration and tubular secretion. Most of the dose is rapidly 
excreted but 10% to 15% of the injected dose remains in the 
renal tubules allowing delayed, high-resolution static images 
to be obtained. GH tends to be used if DMSA is unavailable. 

 Basic Renal Scan and Renogram Curve 
The basic renal scan is performed by injecting 1 to 10 mCi 
(37–370 MBq) of 99mTc-MAG3 or  99mTc-DTPA into a periph-
eral vein with the patient supine. Images are acquired dy-
namically for 20 to 30 min and postvoid views of the kidneys 
and bladder are often obtained at the conclusion of the study. 
Images are usually displayed at 1-, 2-, or 3-minute intervals 
as the radioactive tracer is removed from the blood, transits 
the kidney, and enters the bladder (Fig. 10.37A). Data are 
recorded on the computer for subsequent analysis, and re-
nogram curves are obtained by placing a region of interest 
(ROI) over each kidney and generating time-activity curves 
for each ROI from the time of injection to end of the study. 

 Quantitative Indices 
The more common quantitative indices and their clinical 
relevance are discussed here. 

 1. Relative function: The relative uptake of the radio-
pharmaceutical provides a measure of differential 
renal function (the speci  c function depends on the 
radiopharmaceutical) and should be reported. For 
MAG3 and DTPA, the measurement is usually made by 
placing an ROI over each kidney and measuring the ra-
dioactivity during the 1 to 2, 1 to 2.5, or 2 to 3 minute 
period postinjection. Because of radiotracer present in 
blood and the interstitial space of the kidney, as well 
as in the tissues anterior and posterior to the kidney, 
a background correction needs to be performed to 
correct for nonrenal counts present in the renal region 
of interest. Automated perirenal backgrounds (see 
Fig. 10.37A,B) and C-shaped backgrounds are pre-
ferred over background regions placed inferior to the 
kidney. 119,130 The 95% con  dence interval for the rela-
tive uptake of MAG3 in the presence of normal renal 
function ranges from 42% to 58%. 123

 2. GFR, ERPF, and MAG3 clearance measurements: Mea-
surement of GFR, effective renal plasma   ow (ERPF), 
or MAG3 clearance may be obtained, depending on 
available software, protocols, and expertise (see discus-
sion of clearance measurements). 

 3. Whole kidney versus cortical ROIs: The whole kidney 
ROI consists of an ROI placed around the entire 
kidney including the renal pelvis. Quantitative values 
generated using this ROI will be affected by retention 
of tracer in both the kidney parenchyma and renal 
pelvis. Thus retention may be due to pathologic states 
such as diabetic nephropathy or obstruction but may 
also occur in nonpathologic states such as a nonob-
structed dilated collecting system or mild dehydration. 
To obtain a better assessment of parenchymal function, 
ROIs can be limited to the renal cortex (parenchyma), 
thereby excluding any activity retained in the pelvis or 
calyces (Fig. 10.37). 

 4. Time-to- peak or Tmax: The time-to-peak or T max simply 
refers to the time from radiopharmaceutical injection 
to the peak height of the renogram curve. MAG3 and 
DTPA renograms normally peak by 5 minutes and 
decline to half-peak height by 15 minutes postinjec-
tion; however, physiologic retention of the tracer in the 
renal calyces or pelvis can alter the shape of the whole 
kidney renogram curve in normal kidneys and lead 
to prolonged values for the time-to-peak, 20 min/max 
count ratio, and T1/2. 

 5. The T1/2: The T1/2 refers to the time it takes for the 
activity in the kidney to fall to 50% of its maximum 
value (see suspected obstruction). 

 6. Postvoid kidney counts/maximum or 1 to 2 minute 
kidney counts: In evaluating suspected obstruc-
tion, simple ratios that incorporate gravity-facilitated 
drainage from the kidneys such as counts in the 
postvoid kidney divided by the maximum counts 
in the kidney or counts at 1 to 2 minutes appear to 
provide more robust measurements of drainage than 
the T1/2. 131–134

 7. 20 min/max count ratio: The 20 min/max count ratio 
is the ratio of the kidney counts at 20 minutes to the 
maximum (peak) counts; this measurement provides 
an index of the transit time and parenchymal  function
and is often obtained for both whole kidney and 
cortical (parenchymal) ROIs. For MAG3, the normal 
20 min/max count ratio for cortical ROIs averages 
0.19 with standard deviations of 0.07 and 0.04 for the 
right and left kidneys, respectively. 123 If the patient is 
not dehydrated and the 20 min/max count ratio for 
the cortical ROI exceeds 0.35 (greater than two to 
three standard deviations above the mean), the kidney 
is likely to be abnormal. With the tubular agents, 
this index can be useful in monitoring patients with 
suspected urinary tract obstruction and renovascular 
hypertension.135–137
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which subsequently drains into the bladder after void-
ing; this problem can be detected by looking at the last 
kidney image in the study. 

 9. Urine   ow rate: The rate of urine   ow can be useful in 
assessing the adequacy of hydration and the adequacy 
of diuresis following furosemide administration. 
Assuming a constant postvoid volume, urine   ow 

 8. Residual urine volume: Residual urine volume can be 
measured based on the counts in pre- and  postvoid
ROIs over the bladder and a measurement of the 
voided volume. 138 This is a relatively easy measure-
ment to perform, is routine at some institutions, and 
may detect unsuspected urinary retention. The main 
source of error is tracer remaining in the renal pelvis 

 FIGURE 10.37 A 70-year-old man was referred for a renal scan because of suspected obstruction of the right kidney. The patient re-
ceived an intravenous injection of 9.2 mCi (340 MBq) of  99m Tc MAG3.  A:  The upper panel shows sequential 2-minute MAG3 images in 
a posterior projection; the   nal image in the series is a postvoid image. The lower left panel shows the whole kidney renogram curves 
(blue, left kidney;  green, right kidney); the lower right panel shows cortical renogram curves. The relative uptake was 74% in the left 
kidney, 24% in the right kidney; the MAG3 clearance was 231 mL/min/1.73 m 2 . The images and renogram curve for the left kidney are 
normal. There is retention of the MAG3 in the right renal collecting system with a rising renogram curve.  B:  To further investigate the 
possibility of obstruction in the right kidney, the patient received an intravenous injection of 40 mg furosemide followed by an addi-
tional 20 minutes of imaging. The upper panel shows sequential 2-minute images following furosemide administration. The lower 
left panel shows the whole kidney renogram curve and the lower right panel shows the renogram curve with the regions of interest
placed around the retained tracer in the collecting system. There is very little MAG3 remaining in the left kidney ( blue ); the post-
furosemide images show continuing retention in the right renal collecting system with very slow washout (T1/2     36 minutes for the 
region of interest over the collecting system) consistent with obstruction. (See Color Plate.) 
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clearances require meticulous technique and attention 
to detail. If the measurement is performed by a poorly 
trained or inexperienced individual, technical errors are 
often made and the results are spurious. Because of the 
need for specialized training, the necessity of handling 
plasma samples, extra effort, and lack of reimbursement, 
plasma sample clearances are not widely available in the 
United States. 

 Camera-Based Clearances. Camera clearance methods 
have been developed for DTPA, OIH, and MAG3 that do 
not require blood or urine samples. 141–145 The principle is 
based on the fact that the initial tracer accumulation by the 
kidneys is proportional to the clearance. Camera-based 
techniques determine the tracer accumulation (counts) 
in the kidneys at a de  ned period shortly after injection 
and divided by the counts injected to obtain a percent in-
jected dose in the kidneys. The percent injected dose is 
converted to a clearance measurement using a validated 
nomogram.145

Camera-based clearances appear to be reproducible and 
have been reported to be superior to creatinine clearance for 
monitoring changes in renal function. 146 Although camera-
based clearances are considered to be less accurate than plas-
ma sample clearances, 112 they avoid sources of error (timing 
of plasma samples, correction for radioactive decay, dilution 
of standards, pipetting small volumes) inherent in plasma 
sample techniques. 

 Camera-based Clearances: Sources of Error. To obtain the 
percent injected dose in each kidney, kidney counts have 
to be corrected for background, in  ltration, attenuation, 
and renal depth. Two common sources of error are back-
ground subtraction and the estimation of renal depth. 
Because MAG3 is extracted more than twice as ef  ciently as 
DTPA, the kidney-to-background ratio will be much higher 
for MAG3 than DTPA and any potential error introduced by 
background subtraction will be minimized. 

Renal depth is usually estimated from a nomogram 
based on height and weight. 147,148 To the degree that a 
population-derived nomogram fails to   t a particular in-
dividual, the clearance measurement will vary from the 
true clearance. The sources of error due to background, 
self-attenuation, and renal depth tend to be re  ected in a 
wider con  dence interval associated with the accuracy of 
camera-based clearance compared to plasma sample clear-
ances; however, these parameters tend to be constant on 
sequential studies and have less effect on reproducibility. 
Commercial camera-based techniques are currently avail-
able for measuring GFR (DTPA), effective renal plasma 
  ow (OIH), and the MAG3 clearance. In evaluating the 
reliability of commercial software, it is important to con-
  rm that the vendor has (1) incorporated the appropriate 
quality control features and (2) provided citable valida-
tion studies to con  rm that the  software is performing as 
claimed. 

rate can be calculated by dividing the voided volume 
at the conclusion of the study by the time interval 
between voiding prior to and at the conclusion of 
the study. 

 Renal Function and Clearance Measurements 
Because of inaccuracies associated with estimation of GFR 
based on serum creatinine or creatinine clearance, a more 
accurate measurement of renal function may be needed in 
patients at the extremes of age and body mass and in patients 
with severe malnutrition, grossly abnormal muscle mass 
(amputation, paralysis), high or low intake of creatinine 
or creatine (vegetarian diet, dietary supplements), rapidly 
changing renal function, prior to kidney donation, and prior 
to dosing with toxic drugs excreted by the kidney. Measure-
ment of renal function at the time of the scan can aid in the 
interpretation of a radionuclide study, provide a measure-
ment of renal function independent of serum creatinine, and 
serve as a baseline for monitoring changes. The two most 
widely used techniques to measure clearances are plasma 
sampling and camera-based techniques. 

 Multisample Plasma Clearances. The gold standard for 
measuring renal clearances is a constant infusion tech-
nique where the plasma concentration of the tracer re-
mains constant. 112 A variant of this technique uses a sub-
cutaneous injection; however, both of these methods are 
cumbersome, time consuming, expensive, and limited to 
research applications. An alternative approach that does 
not require urine collections is the plasma clearance ob-
tained using the single injection, two-compartment mod-
el.139 For tubular tracers, the plasma disappearance curve 
can be determined from multiple blood samples obtained 
over 90 minutes. Because GFR tracers have a much lower 
extraction fraction and a lower clearance, plasma samples 
typically need to be obtained for 4 hours to adequately 
characterize the curve. 

 Single and Dual Plasma Sample Clearances. Simpli  ed 
techniques based on one or two plasma samples have been 
developed to estimate the multisample clearance. 112 The 
MAG3 clearance can be estimated from the dose injected 
and the amount of radioactivity in a single blood sample ob-
tained approximately 45 minutes after injection 112,124,140 and 
the GFR can be estimated from the dose injected and the 
activity in one or two plasma samples obtained 1 to 4 hours 
after injection. 112,141–143 These techniques provide reliable 
results and can be performed at the time of a standard renal 
scan using MAG3 or DTPA. 

 Plasma Sample Techniques: Sources of Error and 
Availability . Plasma sampling techniques assume a normal 
volume of distribution. If a patient has ascites, marked 
edema, or a large effusion, the tracer can diffuse into these 
extra   uid spaces and the plasma clearance will not pro-
vide an accurate measure of renal function. Plasma sample 
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The concept of effective radiation dose has been devel-
oped to de  ne a single quantity that could express the over-
all potential deleterious effect of radiation exposures. This 
concept allows the risk of the different radiation doses to 
different tissues throughout the body to be expressed in a 
single measurement. The effective radiation dose equivalent 
is the whole-body radiation dose that would have to be given 
to produce a risk equivalent to the sum of the risks from 
the individual radiation doses to the various organs. The ef-
fective dose from a MAG3 or DTPA scan ranges from 15 to 
20 mrem (0.15–0.2 mSv) per millicurie injected. The typi-
cal administered dose is 1 to 10 millicuries (37–370 MBq); 
consequently, the effective dose for a renal scan ranges from 
15 to 200 mrem (0.15–2.0 mSv). 115 For comparison, back-
ground radiation is estimated to be approximately 300 mrem 
(3.0 mSv) per year. 

 Suspected Obstruction (Diuresis Renography) 
Obstruction to urinary out  ow may lead to obstructive 
uropathy (dilatation of the calices, pelvis, or ureters) and ob-
structive nephropathy (damage to the parenchyma). Urine 
out  ow obstruction may be suspected based on clinical 
  ndings, the incidental detection of a dilated renal collect-
ing system, or diagnosis of previous obstruction in a patient 
referred for follow-up. Diuresis renography is noninvasive, 
widely available, and can evaluate renal function and uro-
dynamics in a single test. This noninvasive test is based on a 
high endogenous rate of urine   ow stimulated by the admin-
istration of furosemide. Interpretation of the test is based on 
the washout of the radiopharmaceutical from the collecting 
system in the upper urinary tract. 

 Acquisition Protocols, Radiopharmaceutical 
Choice, and the Timing of Furosemide 
The patient should arrive well hydrated and void immediately 
prior to the examination because a full bladder may affect up-
per tract emptying and give false-positive results. 120 Adult and 
pediatric consensus groups recommend  tubular agents for 
diuresis renography because tubular tracers are much more 
ef  ciently extracted by the kidney than DTPA. 120,122,134,149

Several protocols are available for diuretic renography that 
differ mainly in the timing of furosemide administration and 
in the use of a single acquisition or a baseline scan followed by 
post-furosemide acquisitions if the baseline scan does not ex-
clude obstruction. 120,122 Typical times for furosemide admin-
istration are the F – 15, F    0, and F    20 protocols where 
the furosemide is administered 15 minutes before, simultane-
ously with, or 20 minutes after the tracer administration. Each 
protocol has its advocates but all are acceptable and appear to 
give comparable results in the majority of patients. 134,150–153

 Dose of Furosemide 
Furosemide is secreted by the proximal tubule and reach-
es its site of action in the tubular lumen of the thick as-
cending loop of Henle via the tubular   uid. 154 Secretion of 

 General Patient Preparation and Information 
Patients appreciate knowing what to expect when they are 
referred for an unfamiliar test. The following information 
should be communicated to the patient. 

 Procedure and Time Required for the Study 
The patient will receive an intravenous injection of the ra-
diopharmaceutical and will lie quietly on an imaging table 
for 20 to 30 minutes. Depending on the protocol, there 
may be two imaging sessions. Unlike radiographic con-
trast, there is essentially no risk of an allergic or anaphy-
lactic reaction. 

 Hydration 
The patient should be told to arrive well hydrated because 
good hydration minimizes the radiation dose to the bladder 
and facilitates interpretation of the exam. 

 Diet and Medication 
For a basic renogram, there are no medication or dietary 
restrictions. Medication and dietary restriction for angio-
tensin-converting enzyme (ACE) inhibition renography are 
discussed later. 

 Radiation Exposure 
Depending on the radiopharmaceutical and the amount ad-
ministered, the radiation exposure from a typical MAG3 or 
DTPA scan ranges from 5% to 70% of the background ra-
diation a patient receives each year from cosmic rays and 
naturally occurring radioactive sources in the environment; 
it is less than 5% of the yearly radiation dose considered safe 
for doctors and technologists who work with radiation. In 
patients with normal kidney function, over 95% of the ra-
diation leaves the body by 3 hours. Patients can go to public 
places and use a bathroom without risk to others (see later 
text for a more detailed discussion of radiation). 

 Pregnancy 
If the patient is pregnant or thinks she may be pregnant, 
she should discuss this possibility with the nuclear medicine 
physician prior to arrival for the test. 

 Radiation Exposure to the Nuclear 
Medicine Patient 
Radiopharmaceuticals are designed to target speci  c or-
gans, tumors, or pathways and to avoid others; conse-
quently, they do not distribute uniformly throughout the 
body. Different tissues receive different exposures depend-
ing on the isotope, its half-life, its tissue distribution, and 
its retention time. For example,  99mTc has a half-life of 
about 6 hours; even if none of a 99mTc tracer was elimi-
nated from the body after intravenous administration, the 
amount remaining in the body 24 hours later (four half-
lives) would be only about 6% of the administered dose. 
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insuf  ciency, diabetes, dehydration, or allergy to iodinated con-
trast agents; moreover, stone size can be accurately ascertained, 
and the correct diagnosis can be made in approximately 50% 
of patients whose symptoms are not caused by a renal stone. 

Many calculi between 3 to 8 mm in size are followed con-
servatively in the hope of spontaneous passage, and patients 
may be managed on an outpatient basis. In spite of its advan-
tages, UHCT cannot determine the functional status of the 
kidney. Larger stones (5–8 mm) may not be associated with 
high-grade obstruction and can be managed conservatively, 
whereas some small stones (3–5 mm) do result in high-grade 
obstruction and may need more aggressive management. The 
addition of a diuretic renal scan can determine the presence 
or absence of obstruction and has been shown to direct pa-
tient management; in one study, the scan changed the deci-
sion to admit or discharge the patient in 30% of cases. 160–162

Data have not yet been collected to determine if the addition 
of the scan and resulting change in practice leads to better 
patient outcomes and/or reduced medical costs. 

 Ultrasound or CT Show a Dilated Collecting 
System.  Is There Ureteral Obstruction? 
Dilatation of the urinary tract with no apparent cause may be 
incidentally detected by ultrasound, CT, or MRI in a patient 
with no symptoms of acute obstruction. If the dilated col-
lecting system represents chronic obstruction, an interven-
tion may be required to preserve renal function; if there is 
simply dilatation of a nonobstructed collecting system, no 
further workup is required. Diuresis renography is preferred 
in the evaluation of the nonacute dilated collecting system 
because it is noninvasive, relatively inexpensive compared to 
CT or MR urography, and allows the clinician to quantitate 
the physiologic signi  cance of the anatomic abnormality by 
measuring both the relative renal function and the diuretic 
stimulated washout of the tracer from the dilated system. 
Contrast is avoided, and the gonadal radiation dose is sub-
stantially reduced compared to CT urography. 

 A Patient with Previous Obstruction has 
Recurrent Symptoms.  Has Obstruction 
Recurred? Has Surgery Successfully Relieved a 
Documented Obstruction? 
A patient with previous documented and treated  obstruction
may present with symptoms suggesting recurrent obstruc-
tion; sonography is often not helpful in this setting because 
the urinary tract can be dilated secondary to the previous 
episode of obstruction. Diuresis renography is the preferred 
examination.

 Antenatal Sonography Shows a Dilated Pelvis 
or Ureter.  Is There Obstruction or Loss of 
Renal Function? 
The signi  cance of an abnormal antenatal renal sonogram can 
be readily evaluated by MAG3 diuresis renal scintigraphy in 

furosemide is reduced in patients with impaired renal func-
tion; consequently, the standard 40-mg adult dose may not 
be suf  cient to induce an adequate diuretic response in a 
kidney with moderate or severely impaired renal function 
and a larger dose of furosemide may be required. 154,155

 Diagnostic Criteria, the T1/2, Gravity-Assisted 
Drainage, and Postvoid Images 
Drainage is often assessed quantitatively by measurement of 
the T1/2 following furosemide administration. Although the 
T1/2 calculated from an ROI placed around retained activity 
in the collecting system rather than around the whole kidney 
provides a better assessment of drainage, T1/2 measurements 
are not standardized and they vary depending on  timing,
ROI assignment, and method of calculation. 120,122,156,157

There is general agreement that prompt clearance of the ra-
diopharmaceutical from the renal collecting system with a 
T1/2 under 10 minutes excludes obstruction. On the other 
hand, a prolonged T1/2 should never be the sole criterion 
for determining the presence of obstruction and must be in-
terpreted in the context of the whole set of images, curves, 
and quantitative indices as well as any clinical information 
or diagnostic studies that may be available. Techniques that 
consider renal function, utilize gravity-assisted drainage, 
and incorporate postvoid images appear to provide more ro-
bust alternatives to the T1/2. 131,133,134,136,158,159

 False-Positive and Indeterminate Studies 
A poor diuretic response due to dehydration or impaired 
renal function may result in false-positive or indeterminate 
  ndings. Measuring the urine   ow rate alerts the nuclear 
medicine physician to an inadequate diuresis. 

 Relative Renal Function 
Unless obstruction is acute, it usually causes a loss of func-
tion in the affected kidney. If the relative renal function is 
approximately the same in both kidneys in a patient with 
suspected unilateral obstruction, the likelihood of obstruc-
tion is reduced even if the quantitative data such as the T1/2 
are abnormal. In these cases, it may be appropriate to ob-
serve the patient and repeat the study at a later date or to 
combine the study with sonography to determine if the size 
of the renal pelvis is increasing. 

 Does a Patient Presenting with Flank Pain have 
Acute Renal Colic? If so, Can He be Managed 
Conservatively? 
Knowledge of the size of the obstructing calculus is important 
because calculi less than 5 mm generally pass spontaneously; as 
the size of the calculus increases, spontaneous passage becomes 
less likely. Unenhanced (noncontrast) helical CT (UHCT) has 
rapidly gained acceptance as the procedure of choice for pa-
tients presenting with acute renal colic. UHCT avoids the risk of 
contrast, which is particularly important for patients with renal 
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The reduction in perfusion pressure stimulates the release of 
renin and increased production of angiotensin I which is con-
verted to angiotensin II by ACE. Angiotensin II preferentially 
constricts the efferent arteriole of the glomerulus and raises the 
transglomerular pressure gradient—a process that maintains 
GFR in the face of a moderate reduction in perfusion pressure. 

In patients with a functionally signi  cant renal artery 
stenosis, the blockade of angiotensin II production by ACE 
inhibition leads to a reduction in GFR that can be detected 
by renography. ACE inhibitors also inhibit kininase II, a di-
peptidyl carboxy-peptidase that inactivates bradykinin, a 
potent vasodilator that causes selective efferent arteriolar di-
lation; this mechanism also contributes to the ACE-induced 
reduction in GFR. 174–176

The reduction in GFR in patients with a functionally 
signi  cant RAS following ACE inhibition can be detected 
by a decrease in renal uptake of DTPA by the affected kid-
ney compared to the baseline scan; tubular tracers such as 
MAG3 demonstrate cortical retention (Fig. 10.38, right kid-
ney)135,137,159,177,178 which is also secondary to the decrease 
in GFR and results from a decreased   ow of primitive urine 
through the renal tubules. 179

Consensus panels have recommended that the test be 
interpreted as high, low, or indeterminate probability for 
renovascular hypertension. 135,177 A normal or near normal 
renogram that is unchanged or improves following ACE 
inhibition is low probability for renovascular hypertension 
and indicates that revascularization is unlikely to ameliorate 
the hypertension (Fig. 10.38, left kidney). Abnormal base-
line renograms that are unchanged following ACE inhibition 
are indeterminate and are not predictive of the response to 
revascularization. Unilateral deterioration of the renogram 
curve and/or of the relative function following ACE inhibi-
tion compared to the baseline study represents a high prob-
ability scan for renovascular hypertension and indicates a 
high likelihood that blood pressure will be normalized or 
ameliorated by revascularization. 

 Sensitivity and Speci  city of ACE 
Inhibition Renography 
ACE inhibition renography  in an appropriately screened 
 hypertensive patient with preserved renal function can detect 
renovascular hypertension with a sensitivity approximating 
90%.137,175,178,180–188 Using the criterion of ACE inhibition-
induced changes between baseline and ACE inhibition scans 
to de  ne a positive test, the test has a speci  city   90% and 
consequently has a high positive predictive value. 178,187 The 
sensitivity and speci  city of ACE inhibition renography, 
however, are affected by several factors that have contributed 
to confusion in the literature. 

 1. Use of the anatomic presence of a renal artery stenosis as a 
surrogate for renovascular hypertension. ACE inhibition 
renography is a test to detect a  functionally signi  cant RAS,
NOT a test to detect the presence of RAS. 135,177 Never-
theless, many investigators have used the angiographic 

the newborn. Relative function can be quantitated and drain-
age assessed. If the diagnosis of obstruction is uncertain, se-
quential studies can be obtained with sonography to deter-
mine if the renal pelvis is enlarging or with sequential MAG3 
scans to evaluate drainage and to determine if function is de-
creasing in the affected kidney. 

 Suspected Renovascular Hypertension 
(ACE Inhibition Renography) 
The diagnostic and therapeutic approach to patients with sus-
pected renal artery stenosis (RAS) remains uncertain and con-
troversial. Atherosclerotic renal artery stenosis (ARAS) is the 
most common cause of secondary hypertension 163; however, 
it may be present in as many as 25% of  normotensive patients 
over age 50 164 and is often present as an incidental or second-
ary   nding in hypertensive patients. 164,165 ARAS is far more 
common than renovascular hypertension (RVH), whose clas-
sical de  nition is based on cure or amelioration of the hyper-
tension after revascularization. Consequently, it comes as no 
surprise that the Scottish, EMMA, and DRASTIC studies, and 
the more recent STAR and ASTRAL trials, indicate that the 
indiscriminate revascularization of an atherosclerotic RAS ap-
pears to have little advantage over optimal medical therapy and 
is no longer justi  ed. 166–170 These   ve trials, however, did not 
distinguish between the impact of revascularization in a hyper-
tensive patient with RAS and the impact of revascularization 
in a hypertensive patient with a functionally signi  cant stenosis.
Although indiscriminate revascularization of a stenotic renal 
artery in hypertensive patients is no longer justi  ed, more fo-
cused selection criteria that evaluate the functional signi  cance 
of the stenosis may lead to improved outcomes. 

Spiral computed tomography (CTA) and magnetic reso-
nance angiography (MRA) provide detailed images of the 
aorta and renal arteries and have high sensitivity and speci-
  city for detecting RAS. 163,171 The main limitation of CTA 
and MRA is the lack of information on renal blood   ow or 
pressure distal to the stenosis. 171 In azotemic patients, CTA 
carries the risk of contrast nephrotoxicity, and the use of 
MR contrast in patients with a low GFR is associated with 
nephrogenic systemic   brosis. 172 Doppler ultrasound is re-
ported to provide reliable hemodynamic assessment of renal 
artery lesions in selected centers but others have found it to 
be time consuming, operator dependent, lacking diagnostic 
uniformity, and too unreliable in obese individuals to be an 
ef  cient tool to screen hypertensive patients for a function-
ally signi  cant RAS. 171,173 This introduction underscores the 
need for diagnostic procedures that can accurately select 
those hypertensive patients with RAS most likely to be cured 
or improved after revascularization. 

 ACE Inhibition Renography and 
Scan Interpretation 
A functionally signi  cant stenosis leads to a decrease in the per-
fusion pressure distal to the stenosis resulting in a decrease in 
the transglomerular pressure gradient and a decrease in GFR. 
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FIGURE 10.38 A 52-year-old patient with hypertension with a normal serum creatinine had a computed tomography (CT) scan for 
a possible incarcerated abdominal hernia. The CT scan revealed a heavily calci  ed right renal artery. A subsequent CT angiogram 
con  rmed a renal artery stenosis and an angiotensin-converting enzyme (ACE) inhibition renal scan was requested to determine its 
functional signi  cance. A: A baseline scan was obtained following the injection of 1.4 mCi of 99mTc MAG3 (52 MBq). The upper panel 
shows sequential 2-minute MAG3 images. The lower left panel shows the whole kidney renogram curves (blue, left kidney; green,
right kidney); the lower right panel shows cortical renogram curves. The relative uptake was 51% (left) and 49% (right) with a MAG3 
clearance of 295 mL/min/1.73 m2. The images appear normal with time to maximum counts (Tmax) and 20 min/max count ratios in 
the normal range for both kidneys although there was asymmetry with the Tmax for the right kidney (4.8 min) more delayed than the 
Tmax for the left kidney (1.8 minutes); in addition, the 20 min/max ratio for the right kidney, 0.30, was higher than that of the left (0.19). 
B: The patient received an intravenous injection of 2.5 mg of enalaprilat followed 20 minutes later with a second MAG3 injection of
9.0 mCi of MAG3 (333 MBq). The left kidney is normal. The relative function was essentially unchanged, 49% left, 51% right but the
sequential 2-minute images show marked parenchymal retention of the tracer in the right kidney with a correspondingly abnormal 
whole kidney and cortical renogram curves. The marked change in the right kidney from the baseline to the ACE study indicates a
high  probability scan for renovascular hypertension. (See Color Plate.)
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bilateral symmetrical abnormalities in the renogram 
curves. 194,196 This phenomenon is relatively uncom-
mon but may occur in as many as 3% of patients 
referred for ACE inhibition renography, usually in 
patients who are volume or salt depleted. 196,197

 2. ACE inhibitors and angiotensin II receptor blockers (ARBs).
The majority of ACE inhibition studies have been 
performed with captopril (25–50 mg) but enalaprilat 
(Vasotec, 40   g per kg IV over 3–5 minutes, maxi-
mum dose of 2.5 mg) administered at least 15 minutes 
prior to tracer administration is an acceptable alterna-
tive.177,183 Intravenous injection of enalaprilat avoids 
the possibility of a false-negative test due to delayed 
gastric emptying or poor absorption—a potential dis-
advantage is the possibility of a greater risk of a hypo-
tensive response. Chronic ACE inhibition may reduce 
the sensitivity of the test 179,192 and, for this reason, 
guidelines recommend that captopril be discontinued 
for 4 days prior to the study and ACE inhibitors with 
a longer half-life be discontinued for 7 days. Data are 
limited regarding the impact of chronic ARB adminis-
tration on the sensitivity and speci  city of ACE inhibi-
tion renography. 175

 3. Diuretics. Chronic diuretic administration increases the 
likelihood of volume depletion which may lead to renal 
retention of the radiopharmaceutical, reduce the speci-
  city of the test, and increase the risk of a hypotensive 
response. These concerns can be minimized if diuretics 
are discontinued for several days prior to the study. 

 4. Choice of radionuclide. In patients with azotemia, tu-
bular agents such as MAG3 or I-123 are the agents of 
choice.137,177 In patients with normal function, MAG3 
and DTPA appear to give comparable results. 

 5. One-day versus two-day protocol. The traditional 
approach is a one-day protocol; a baseline study is 
performed, the ACE inhibitor is administered, and 
a second study is obtained allowing an immediate 
comparison between the baseline and ACE inhibition 
results. An alternative approach is to begin with ACE 
inhibition renography because a normal study is low 
probability for renovascular hypertension and obvi-
ates the need for a baseline study. If the ACE inhibition 
study is abnormal, the speci  city can be improved by 
obtaining a baseline renogram; however, the patient will 
have to return for the baseline study on another day be-
cause of the earlier administration of the ACE inhibitor. 

 Does a Hypertensive Patient Have 
Renovascular Hypertension? 
Risk factors for renovascular hypertension (RVH) include 
abrupt or severe hypertension, hypertension resistant to 
medical therapy, abdominal or   ank bruits, unexplained 
azotemia in an elderly hypertensive patient, worsening renal 
function during ACE inhibition therapy, grade 3 or 4 hyper-
tensive retinopathy, a history of heavy smoking, occlusive 

presence of a stenosis   50% as a surrogate for reno-
vascular hypertension in spite of the fact that many 
of these stenotic lesions will not be hemodynamically 
signi  cant. 106,177,178,189 In an attempt to circumvent this 
problem, other investigators have used the more strin-
gent standard of   70% stenosis. Although good results 
have been obtained using RAS as the gold standard, 190

not surprisingly, the sensitivity and speci  city of ACE 
inhibition renography is improved when the gold stan-
dard is the response to revascularization rather than the 
anatomic presence of RAS. 178,184,185,187,188

 2. Patient selection: test performance in azotemic and non-
azotemic populations. Current data indicate that the 
test is not as accurate in azotemic patients with RAS. 
Although some studies report good results in azotemic 
patients,183,191,192 most investigators have found ACE 
inhibition renography to be less accurate in azotemic 
patients.135,137,177,178,181 In this population, a positive 
test retains a high speci  city indicating a high likeli-
hood that the hypertension will be ameliorated by 
revascularization, 193 but one study reported as many 
as 50% of tests in this population were intermediate 
probability. 137 Intermediate probability outcomes result 
from an abnormal baseline scan which is unchanged 
following ACE inhibition and are not predictive of the 
response to revascularization. 

 3. Analysis of the “intermediate probability” or indeterminate 
scan. To calculate sensitivity and speci  city, indetermi-
nate results must be placed with the high or low prob-
ability results. Intermediate probability studies placed 
in the “high probability” category increase sensitivity at 
the expense of speci  city and, conversely, intermedi-
ate probability studies placed in the “low probability” 
category increase speci  city at the expense of sensitiv-
ity. 194 The reported values for sensitivity and speci  city 
vary depending on the frequency of azotemic patients 
in the study population and how intermediate prob-
ability results are handled in the data analysis. 

 4. Inconsistent use of recommended criteria for interpret-
ing ACE inhibition renograms. Interpretative criteria for 
ACE inhibition renography have been published as an 
international consensus report in 1996; this report has 
subsequently been updated by the Society of Nuclear 
Medicine and published on its website. 135,177 Studies 
performed after 1996 should include an analysis based 
on these criteria especially because data show that 
strict adherence to these criteria improves the perfor-
mance of ACE inhibition renography. 195

 Performance of the Examination 
Detailed recommendations for performance of ACE inhibi-
tion renography are described in consensus reports 135,177 but 
several points should be emphasized. 

 1. Blood pressure must be monitored. Asymptomatic hy-
potension secondary to ACE inhibition can result in 
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Chronic transplant nephropathy represents cumula-
tive and incremental damage to nephrons from both im-
munologic and nonimmunologic causes. Imaging studies 
are obtained if the clinician suspects complications relat-
ing to renal blood   ow, urine leak, urinoma, obstruction, 
abscess, hematoma, or lymphoma. Sonography is typically 
the   rst approach. A renal scan may provide complementary 
information regarding obstruction or a urine leak and ACE 
inhibition renography can detect renovascular hyperten-
sion.151,198 A renal scan cannot distinguish between rejection 
and calcineurin-inhibitor nephrotoxicity. 

 Renal Cortical Scintigraphy 
(Pyelonephritis and Scar) 
DMSA is the radiopharmaceutical of choice for imaging the 
renal cortex. 128,129,151,199 Static images are obtained 2 to 4 
hours after injection and sedation is rarely needed. A nor-
mal scan demonstrates homogeneous concentration of the 
radiotracer throughout the cortex except for a lower concen-
tration in the region of the collecting system. DMSA scans 
can measure relative function and identify functioning renal 
tissue in patients with congenital abnormalities. The stud-
ies are most commonly obtained in patients with suspected 
pyelonephritis to distinguish upper from lower urinary tract 
infections and to detect the presence of scar following an 
episode of acute pyelonephritis. Pyelonephritis and scarring 
are recognized by focal areas of decreased DMSA uptake in 
the renal parenchyma; however, any process that replaces, 
injures, or destroys normal cortical parenchyma will result 
in an abnormal scan. 

 Does a Child Presenting with a Febrile Urinary 
Tract Infection Have Pyelonephritis? 
Pyelonephritis is a serious illness in the pediatric population; 
renal scarring from recurring infection remains an important 
cause for substantial long-term morbidity. 200 Clinical and 
experimental studies have demonstrated that scarring can be 
prevented or diminished by early diagnosis and aggressive 
therapy. In infants and young children, pyelonephritis is not 
always accompanied by high fever, an elevated sedimenta-
tion rate, and leukocytosis. Furthermore, a normal voiding 
cystourethrogram does not exclude acute pyelonephritis, and 
it is increasingly recognized that sonography and excretory 
urography cannot be used to exclude acute pyelonephritis 
in infants and children. Renal cortical (DMSA) scintigraphy 
is more sensitive for the detection of pyelonephritis than so-
nography (Fig. 10.39), and many investigators recommend 
cortical scintigraphy in the initial evaluation of children with 
suspected pyelonephritis. MRI and CT with contrast are also 
sensitive tests for the detection of pyelonephritis, but MRI is 
expensive, and there is the possibility of an allergic reaction 
to iodinated contrast given during the CT scan. 

There is no consensus on the use of DMSA scans in the 
evaluation and follow-up of patients with urinary tract infec-
tion. The diagnostic algorithm depends on how the clinician 

disease in other vascular beds, and onset of hypertension 
under age 30 or over age 55. To determine the most ap-
propriate test, patients need to be categorized into (1) those 
with low likelihood of RVH, (2) those with moderate to high 
likelihood of RVH and normal renal function, and (3) those 
with moderate to high likelihood of RVH and azotemia. 

Technologies are evolving and multiple diagnostic im-
aging strategies have been proposed, but, to date, there is no 
generally accepted approach. Costs need to be considered 
in determining the clinical approach but costs are a moving 
target and hard to ascertain. Patients with a low likelihood 
of RVH can be treated medically without additional imag-
ing studies. For the patient with one or more risk factors 
for RVH, normal renal function, and no known unilateral 
kidney disease, ACE inhibition renography provides a logi-
cal and cost-effective diagnostic approach. In this patient 
population, a recent analysis showed that ACE inhibition 
renogram as the   rst test was more cost effective than CT 
or MRA. 194

The evaluation of the patient with azotemia or a patient 
known to have a small, poorly functioning kidney is more 
problematic. In this patient population, a positive ACE inhi-
bition renogram still has a high predictive value for amelio-
ration of the hypertension, but as many as half of the tests 
may be indeterminate for RVH, and the speci  city of the test 
probably falls to about 80%. The advantages and disadvan-
tages of other diagnostic approaches have been described, 
and test selection should be based on local expertise, cost, 
and how the test result will in  uence patient management. 

 Renal Transplant Scintigraphy 
 Donor Evaluation 
Renal scintigraphy can evaluate global and individual renal 
function in potential donors as well as help determine which 
kidney to select for donation. Use of renal scintigraphy in 
donor evaluation, however, varies widely between centers. 

 Transplant Evaluation 
Complications of renal transplantation can be divided into 
parenchymal failure (acute tubular necrosis [ATN], acute 
and chronic rejection, and calcineurin inhibitor toxicity) and 
mechanical failure (injury to the renal artery or vein, ure-
teral obstruction, and urine leak). 198 Sonography is usually 
the   rst approach for evaluation of renal graft dysfunction 
but a renal scan can provide complementary information. A 
normal scan immediately posttransplant excludes mechani-
cal complications. Serial scans during the   rst 1 to 3 weeks 
posttransplantation may detect early rejection 24 to 48 hours 
before biochemical abnormalities occur and can be used to 
monitor recovery from posttransplantation ATN. Classically, 
ATN presents with relatively preserved perfusion accompa-
nied by delayed uptake and excretion although severe ATN 
can also present with diminished   ow. Rejection presents as 
diminished   ow with delayed uptake and excretion of the 
tracer. 198

371



372 SECTION II  CLINICAL EVALUATION

urinary bladder. Images are continuously acquired during 
  lling of the bladder and subsequent voiding. Re  ux can be 
quantitated by analysis of data recorded on the computer 
during the study. 

 Indirect Radionuclide Cystography 
Bladder catheterization is not required. The patient typically 
receives an intravenous injection of  99mTc-MAG3 for evalu-
ation of individual kidney function, urine drainage, and 
re  ux; dynamic images are obtained during bladder   lling, 
voiding, and after voiding. This technique avoids catheter-
ization, but it is not as sensitive as direct radionuclide cys-
tography for detecting re  ux. 

 REFERENCES 
 1. O’Neill W. Sonographic evaluation of renal failure.  Am J Kidney Dis. 2000;35:
1021–1038.
 2. Marchal G, Verbeken E, Oyen R, et al. Ultrasound of the normal kidney: 
A sonographic, anatomic and histologic correlation.  Ultrasound Med Biol. 1986;
12:999–1009.
 3. Behan M, Kazam E. The echographic characteristics of fatty tissues and 
tumors. Radiology. 1978;129:143–151. 
 4. Cook JH, Rosen  eld AT, Taylor KJW. Ultrasonic demonstration of intrarenal 
anatomy.  Am J Roentgenol. 1977;129:831–835. 
 5. Lafortune M, Constantin A, Breton G, et al. Sonography of the  hypertrophied 
column of Bertin. AJR Am J Roentgenol. 1986;146:53. 
 6. Davidson AJ, Hartman DS, Choyke PL, et al. Davidson’s Radiology of the 
Kidney and Genitourinary Tract (3rd ed.). Philadelphia: WB Saunders; 1999. 
 7. Patriquin H, Lefaivre JF, Lafortune M, et al. Fetal lobation: An anatomo-
ultrasonographic correlation.  J Ultrasound Med. 1990;9:191. 
 8. Troell S, Berg U, Johannson B, et al. Comparison between renal paren-
chymal sonographic volume, renal parenchymal urographic area, glomerular 
  ltration rate and renal plasma   ow in children.  Scand J Urol Nephrol. 1988;22:
207–214.
 9. Emamian SA, Nielsen MB, Pedersen JF. Intraobserver and interobserver 
variations in sonographic measurements of kidney size in adult volunteers.  Acta
Radiol. 1995;36:399–401. 

will use the information. Some institutions treat pediatric 
patients with suspected pyelonephritis empirically and only 
pursue diagnostic studies if the patient does not respond. In 
other institutions, patients with pyelonephritis receive more 
aggressive therapy and/or follow-up in the hope of reduc-
ing the risk of scarring and recurrent infection and, thereby, 
avoiding the subsequent development of hypertension or 
renal failure. 128,129,151,199

 Radionuclide Cystography 
Vesicoureteral re  ux, urinary tract infections, and renal scar-
ring can lead to hypertension and chronic kidney disease; 
however, a large percentage of patients with pyelonephri-
tis do not have re  ux. Furthermore, re  ux often resolves 
spontaneously. Management of patients with urinary tract 
infection and/or re  ux tends to be individualized and var-
ies from center to center. Re  ux may be suspected based on 
an antenatal ultrasound showing ureteral or calyceal dilata-
tion, a urinary tract infection in infants or young children, 
acute pyelonephritis, or documented re  ux in a sibling. 
A conventional voiding cystourethrogram (VCUG) with   u-
oroscopy is usually the   rst test to detect and grade the de-
gree of re  ux. If follow-up studies are required, the patient 
can be followed by radionuclide cystography. The technique 
is accurate for detecting re  ux, and the radiation dose to the 
gonads is much less than with a VCUG. 128,129,151

 Direct Radionuclide Cystography 
The bladder is catheterized, and the study is performed by 
instilling saline containing approximately 1 mCi (37 MBq) 
of a 99mTc radiopharmaceutical into the bladder. These ra-
diopharmaceuticals are not absorbed into the blood from the 

FIGURE 10.39. A 6-year-old boy presented with fever, vomiting, a urinary tract infection, and an erythrocyte sedimentation rate of 98. 
A: A dimercaptosuccinic acid (DMSA) scan obtained with a parallel hole collimator shows the left kidney to be smaller than the right kidney 
and also suggests an area of decreased DMSA activity in the left upper pole. B: Additional images of each kidney were obtained using 
a  pinhole collimator which provides better resolution than the parallel hole collimator. Pinhole images clearly show an area of decreased 
DMSA uptake in the superior pole of the left kidney (arrow) consistent with pyelonephritis; the normal right kidney is shown for comparison.
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