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Genitourinary System

Mohammad Ghanem 
and Abdelhamid H. Elgazzar

7.1  Anatomic and Physiologic 
Considerations

7.1.1  Major Structures

The urinary system consists of a pair of kidneys, 
which filters the blood, form urine, and help reg-
ulate various metabolic processes; a pair of tubu-
lar ureters, which transport urine away from the 
kidneys; a saclike urinary bladder, which serves 
as urine reservoir; and a tubular urethra, which 
conveys urine to the outside of the body.

Kidneys are paired bean-shaped retroperito-
neal organs situated in the posterior part of the 
abdomen on each side of the vertebral column 
against the psoas major muscle. The upper pole 
of each kidney lies at the level of the twelfth tho-
racic vertebra, and the lower pole lies opposite 
the third lumbar vertebra. The right kidney is 
usually slightly more caudal in position. Each 
kidney’s weight ranges from 120 g to 170 g in the 
adult male and from 115 g to 155 g in the adult 
female. It is approximately 11 × 6 × 2.5 cm in 
dimension. Each kidney’s concave medial sur-
face has a slit-like aperture called the hilum, 
through which the renal pelvis, the renal artery, 
and vein, the lymphatics, and a nerve plexus pass 

into the kidney. A tough fibrous capsule sur-
rounds the organ.

On cut sections, two distinct regions can be 
identified: a pale outer region, the cortex, and a 
darker inner region, the medulla. In humans, the 
medulla is divided into 4–18 striated conical 
masses, the renal pyramids (average 8). Each 
pyramid’s base is positioned at the corticomedul-
lary boundary, and the apex extends toward the 
renal pelvis to form a papilla. On the tip of each 
papilla are 10–25 small openings representing 
the distal ends of the collecting ducts. A funnel- 
shaped minor calyx caps the apex of each medul-
lary pyramid. The minor calyx receives the urine 
from the kidney and passes it to the extrarenal 
collecting system (Fig. 7.1).

Since renal blood flow of approximately 
400 mL/100 g to 1.0 and 1.2 L/min per 1.73 m2 of 
body surface area—is much higher than that of 
any other well-perfused organs such as the heart 
and brain, kidney tissue is prone to be exposed to 
a significant amount of any potentially harmful 
circulating substances [1].

Additionally, glomerular capillaries vulnera-
ble to hemodynamic injury, in contrast to other 
capillary beds because glomerular filtration is 
dependent on high intra- and trans-glomerular 
pressure. The nephron’s microvasculature orga-
nization facilitates the spreading of glomerular 
injury to the tubulointerstitial compartment in 
disease, exposing tubular epithelial cells to 
abnormal ultrafiltrate. Accordingly, the concept 
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Fig. 7.1 A diagram illustrating main surface renal anatomy. (Created with BioRender.com)

of the nephron as a functional unit applies not 
only to renal physiology but also to the patho-
physiology of renal diseases.

7.1.2  The Nephron

The main functions of the kidneys are the main-
tenance of water, electrolyte, acid-base balance, 
elimination of waste products, and blood pres-
sure regulation. The functional unit of the kidney 
is the nephron, which consists of a glomerulus 
and a tubule. The glomerulus consists of a net-
work of capillaries derived from the afferent glo-
merular arteriole. They can be broadly divided 
into several portions: the proximal tubule, loop of 
Henle, distal tubule, and collecting tubule 
(Fig. 7.2).

Urine is formed as a result of glomerular fil-
tration, tubular reabsorption, and tubular secre-
tion [2]. The glomerular capillary tuft acts as a 
filter for plasma. Two epithelial layers encase it, 
the inner layer becoming part of the outer capil-
lary wall and the outer layer lining Bowman’s 
space (capsule), which receives the filtered fluid. 
The glomerular filtration rate (GFR) mainly 
depends on the hydrostatic and colloid osmotic 
pressure in the glomerular capillaries and the 
hydrostatic pressure in Bowman’s space. Filtered 

fluid from Bowman’s space enters the tubule. The 
proximal tubule plays a crucial role in reabsorb-
ing filtered solutes. About half to two-thirds of 
the sodium, chloride, and potassium are reab-
sorbed in this segment. Reabsorption of solutes is 
accompanied by passive osmotic diffusion of 
water. The loop of Henle, consisting of a descend-
ing limb and an ascending limb, is the reabsorp-
tion site of about 25% of the filtered solutes. 
Reabsorption occurs primarily in the “thick” 
ascending limb, where the epithelial cells are 
thick and metabolically very active. In this sec-
tion, “loop” diuretics such as furosemide exert 
their effects (see later). The reabsorbed solutes 
enter the medullary interstitium and contribute to 
its hypertonicity.

The distal tubule transports sodium, chloride, 
and potassium, but not water, from its proximal 
part, similar to the loop of Henle. The terminal 
distal tubule shares similar functions with the 
collecting tubules (see later). At the very 
 beginning of the distal tubule is the macula 
densa, a region of specialized cells in the vicinity 
of the juxtaglomerular (JG) cells in the afferent 
arteriole that store renin. In response to sodium 
and chloride concentration changes in this por-
tion of the tubule, the macula densa sends signals 
to the JG cells to release renin that mainly 
increases arterial blood pressure.
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Fig. 7.2 The components of the nephron. (Created with BioRender.com)

7.1.3  Renal Vasculature

Each kidney is supplied normally by a single 
renal artery in the human body. However, one or 
more accessory renal arteries is not uncommon, 
which may occur in 30% of the population [3]. 
The renal artery enters through the hilum of the 
kidney and branches successively into the inter-

lobar arteries, arcuate arteries, interlobular arter-
ies, and afferent arterioles. Each afferent arteriole 
eventually branches into the glomerular capillar-
ies. The distal glomerular capillaries merge to 
form the efferent arteriole. Efferent arterioles 
subdivide to form peritubular capillaries in the 
cortex or the vasa recta in the medulla. Changes 
in the afferent or efferent arteriolar tone play an 
important role in regulating the GFR.
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7.1.4  Juxtaglomerular Apparatus

The afferent arteriole has specialized smooth 
muscle cells called juxtaglomerular (JG) cells 
that store renin and stretch receptors that respond 
to arteriolar pressure changes. Renin is released 
as a result of decreased stretch of the arteriolar 
wall when arteriolar pressure is decreased. 
Another stimulus for renin comes from the mac-
ula densa, which consists of specialized cells in 
the first part of the distal tubule, located close to 
the JG cells. The macula densa signals the JG 
cells to release renin when the sodium and chlo-
ride content of this part of the tubule is low. 
Finally, the sympathetic nervous system can 
stimulate renin release in response to systemic 
baroreceptor stimuli.

7.2  Renal Radiopharmaceuticals

Renal radiopharmaceuticals can be described in 
two broad classes—those excreted rapidly into 
the urine and those retained for prolonged peri-
ods in the renal parenchyma.

7.2.1  Rapidly Excreted 
Radiopharmaceuticals

The rapidly excreted radiopharmaceuticals are 
used in dynamic imaging studies to assess indi-
vidual renal function and include [3–6]:

99mTc-mercaptoacetyltriglycine (MAG3), the 
agent of choice, is 90% protein-bound and 
excreted almost exclusively by the renal 
tubules. High renal-to-background count 
ratios provide excellent images and permit 
visualization of poorly functioning kidneys.

99mTc-diethylenetriamine penta-acetic acid 
(DTPA) was the most popular radiopharma-
ceutical in its category prior to the introduction 
of 99mTc-MAG3. It shows little protein binding 
(about 5%) and is excreted exclusively by glo-
merular filtration. Renal uptake of 99mTc-DTPA 
is limited because the glomeruli filter only 
20% of the renal blood flow. The 20% extrac-

tion fraction is considerably lower than that of 
99mTc-MAG3 and yields lower renal-to-back-
ground uptake ratios. However, it is less costly 
and may be used as an alternative to 99mTc-
MAG3, particularly if a quantitative estimate of 
GFR is in question. Functional assessment 
with 99m Tc-MAG3 and 99m Tc-DTPA gen-
erally is concordant. However, differences 
may be noted with glomerular- tubular dissoci-
ation in some cases of tubulointerstitial dis-
ease. Orthoiodohippurate is about 70% protein 
bound. Approximately 15–20% of the radio-
tracer is excreted by glomerular filtration and 
the remainder by tubular secretion. The use of 
131 I-OIH for scintigraphy has been largely 
abandoned because of the limitations of higher 
radiation exposure [7] and poor image quality 
related to a lower administered dose (1/15 that 
of 99m Tc-MAG3). Radiation exposure with 
123 I-labeled OIH is lower, and better images 
can be obtained using larger amounts of the 
radiotracer. However, this radiopharmaceutical 
is expensive and not readily available. The 
extraction fraction of OIH, while not optimum 
(since it is not completely extracted by the kid-
neys), is the highest among the radiopharma-
ceuticals in use today. Therefore, it can be used 
for the quantification of renal blood flow.

7.2.2  Slowly Excreted 
Radiopharmaceuticals

The slowly excreted radiopharmaceuticals 
include 99mTc-dimercaptosuccinic acid (DMSA) 
and 99mTc-glucoheptonate. Prolonged cortical 
retention of these radiopharmaceuticals allows 
the assessment of parenchymal morphology. 
Since accumulation occurs only in functioning 
tubules, uptake can be quantified to accurately 
assess the differential renal function [3, 4]. The 
preferred agent, Technetium-99m-DMSA, is 
90% protein-bound and accumulates in function-
ing tubules. Since very little of the radiotracer is 
excreted, interference from collecting system 
activity, particularly on delayed images, is mini-
mal. A total of about 40% of the administered 
amount is accumulated in the renal cortex.
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7.3  Renal Scintigraphy

According to the types of renal radiopharmaceu-
ticals, renal scintigraphy can be of dynamic or 
static nature.

• Dynamic studies are obtained using rapidly 
excreted radiopharmaceuticals, while static 
studies are obtained utilizing slowly excreted 
tracers. Dynamic studies start by rapidly 
acquiring image frames upon injection of the 
tracer to follow activity passing through the 
blood vessels until reaching the kidneys to 
evaluate the blood flow. This phase is followed 
by another series of imaging frames every 
10–20  s of the kidneys for approximately 
30  min to evaluate the renal functional han-
dling of the radiotracer. This phase will then 
be computer-processed to generate a time- 
activity curve (renogram) for both kidneys to 
illustrate the uptake, build up, and excretion of 
the radiopharmaceutical by each kidney and 
generate the percent contribution of each kid-
ney to the total renal function (split or differ-
ential renal function).

• Static studies using slowly secreted radiophar-
maceuticals, particularly 99mTc-DMSA, are 
acquired 3 h after intravenous injection of the 
radiotracer and optionally up to 24 h based on 
the individual case and the kidney function. 
These studies are predominantly used to deter-
mine the split renal function accurately and in 
cases of urinary tract infections to evaluate the 
pathologic changes, including cortical scars. 
Anterior, posterior, left and right posterior 
oblique planar views are obtained routinely 
with optional SPECT or SPECT/CT.  Using 
the anterior and posterior views, the split renal 
function is calculated by the geometric mean 
of the background-subtracted kidney counts.

7.3.1  Principles of Interpretation

7.3.1.1  Dynamic Studies
Assessment of function on dynamic studies is 
based on several criteria, including initial cortical 
uptake of the radiotracer, cortical retention, first 

visualization of the collecting system, and time to 
peak cortical activity. These parameters, how-
ever, may be affected by the state of hydration. 
Prolonged radiotracer uptake, reduced excretion, 
and cortical retention can be noted in cases of 
dehydration [8, 9]. An adequate assessment of 
renal function should include analysis of both the 
scintigraphic images and the time-activity curves.

Cortical uptake: The first minute after radiotracer 
administration represents the vascular deliv-
ery phase. The next 2 min constitute the paren-
chymal phase. Uptake in the kidney during 
this interval (between 1 and 3 min after radio-
tracer injection) is proportional to its function, 
using either tubular or glomerular agents.

Cortical retention: The cortical retention of the 
radiotracer, quantified by expressing renal 
counts at 20–30 min on the time-activity curve 
as a percentage of the peak uptake, is a mea-
sure of the rapidity with which the kidney 
excretes the radiotracer. As renal function 
deteriorates, the percentage of retained radio-
tracer increases. This index can help monitor 
patients with renal transplants or assess reno-
vascular hypertension [10]. An apparent 
increase in retention may occur with urine sta-
sis in the collecting system.

First visualization of collecting system: The 
interval between radiotracer administration 
and excretion of activity into the collecting 
system (pelvis and/or calyces) is a measure of 
cortical function. This interval is obtained 
from the sequential images. The delayed 
appearance of the collecting system is associ-
ated with impaired function.

Time to peak: This parameter is easily measured 
from the time-activity curve. However, an 
accurate estimate may not be possible in the 
absence of a peak, which is often the case in 
significant renal dysfunction. Prolonged val-
ues for the time to peak can be seen in physi-
ologic retention of the tracer in the renal 
calyces or pelvis [11].

7.3.1.2  Static Studies
Scintigraphy with 99mTc-DMSA and 99mTc- 
glucoheptonate is done between 3 and 24 h after 
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radiotracer administration. It is usually used to 
detect renal parenchymal defects associated with 
pyelonephritis, scars, and infarcts. Since only 
functioning tubular cells accumulate these radio-
pharmaceuticals, the total renal uptake is a mea-
sure of individual renal function. Relative renal 
function can also be measured as with the rapidly 
excreted radiopharmaceuticals.

7.4  Major Diseases

7.4.1  Renovascular Hypertension 
(RVH)

Approximately 5% of hypertension is renovascu-
lar in origin. It accounts for about 5.4% as a cause 
of secondary hypertension in adults [12–14]. 
Renal artery stenosis is generally due to athero-
sclerotic plaques or fibromuscular dysplasia, the 
latter occurring in younger individuals. 
Significant’ stenosis that would trigger the acti-
vation of the renin-angiotensin system and lead 
to the development of renovascular hypertension 
has been defined as a reduction in intraluminal 
diameter by 50% or greater. However, the degree 
of anatomically defined renal artery stenosis does 
not always correlate with the presence of reno-
vascular hypertension.

7.4.1.1  Pathophysiology
The renin-angiotensin system serves as mainte-
nance of systemic blood pressure in such condi-
tions as hypotension and shock. However, with 
significant renal artery stenosis, the renin- 
angiotensin system limits a fall in GFR but caus-
ing systemic (renovascular) hypertension. 
Systemic blood pressure is maintained primarily 
by the increase in vascular tone and sodium and 
water retention. At the same time, a sharp reduc-
tion in GFR is prevented by the increase in the 
glomerular capillary hydrostatic pressure.

Glomerular capillary hydrostatic pressure is 
modulated by the tone of the afferent and efferent 
glomerular arterioles. Increased tone in the effer-
ent arteriole or decreased tone (increased flow) in 
the afferent arteriole raises capillary hydrostatic 

pressure and GFR. In contrast, the decreased tone 
in the efferent arteriole or increased tone 
(decreased flow) in the afferent arteriole lowers 
GFR.

The first step in the activation of the renin- 
angiotensin system is the release of renin by the 
renal JG cells by several mechanisms through 
[15, 16].

(1) signals from baroreceptors (“stretch” 
receptors) in the afferent arteriole modulated by 
prostaglandins, (2) chemoreceptor signals from 
the macula densa (located in the initial portion of 
the distal tubule) related to decreased sodium and 
chloride in the distal tubule and modulated by 
prostaglandins and adenosine, and (3) increased 
sympathetic activity due to activation of systemic 
cardiopulmonary and carotid sinus baroreceptors 
by hypotension.

Renin released due to these stimuli converts 
circulating angiotensinogen, an alpha2 globulin 
produced by the liver, to angiotensin I, a deca-
peptide. Angiotensin I is then converted to the 
active octapeptide form, angiotensin II, by 
angiotensin- converting enzyme (ACE), found in 
vascular endothelium. The bulk of this conver-
sion occurs in the pulmonary vascular bed. 
Angiotensin II is also produced in the kidney. 
Angiotensin II is a powerful vasoconstrictor that 
raises systemic blood pressure primarily by 
increasing vascular tone and stimulating the syn-
thesis and secretion of aldosterone from the zona 
glomerulosa of the adrenal cortex, which pro-
motes sodium and water reabsorption from the 
renal tubules.

The intrarenal effects of angiotensin II help 
counter a fall in GFR due to decreased afferent 
arteriolar and glomerular capillary hydrostatic 
pressure [15–18]. First, angiotensin II raises 
GFR by preferential constriction of the efferent 
glomerular arteriole. Second, angiotensin II 
increases tubular reabsorption of sodium and 
water directly and indirectly (increased tone in 
efferent arteriole decreases hydrostatic pressure 
in peritubular capillaries with a resultant 
increase in sodium and water reabsorption). 
GFR remains unchanged in the contralateral 
normal kidney in unilateral renal artery stenosis 

M. Ghanem and A. H. Elgazzar



269

because the increased efferent arteriolar tone is 
offset by an increase in afferent arteriolar tone 
in response to a higher systemic blood pressure. 
The effects of angiotensin II eventually lead to 
inhibition of renin release. In unilateral reno-
vascular disease, sodium retention is offset by 
pressure natriuresis (decreased sodium chloride 
reabsorption in the proximal tubule) by the nor-
mal kidney. The process limits the expansion in 
blood volume, so the pressure in the afferent 
arteriole of the stenotic kidney remains low. In 
bilateral renovascular disease, however, blood 
volume expansion may be sufficient to increase 
afferent arteriolar pressure and decrease (but 
not necessarily normalize) renin secretion. 
Angiotensin II also has a direct inhibitory effect 
on the JG cells.

7.4.1.2  Scintigraphy for RVH

Basis
The scintirenographic diagnosis of renovascular 
hypertension is based on the demonstration of 
renal physiology changes following the adminis-
tration of an ACE inhibitor [19–21]. As noted 
above, angiotensin II, formed by the activation of 
the renin-angiotensin system, helps maintain 
GFR by increasing the tone of the efferent glo-
merular arteriole, raising the glomerular capillary 
hydrostatic pressure. These changes are reversed 
by ACE inhibitors, which block the conversion of 
angiotensin I to angiotensin II.  Consequently, 
there is a sharp drop in GFR and proximal tubular 
urine flow.

Decreased GFR and tubular flow after 
administering an ACE inhibitor will decrease 
uptake and prolonged cortical retention of 
99mTc- DTPA. Since renal blood flow generally 
is not significantly changed, 99mTc-MAG3 shows 
only prolonged cortical retention without 
decreased uptake. Rarely, uptake of 99mTc-
MAG3 may decrease, presumably due to a fall 
in blood pressure below a critical level required 
to maintain perfusion in the stenotic kidney. 
The general principles of ACE-inhibitor renog-
raphy also apply to patients receiving chronic 
treatment with angiotensin II (AT1) receptor 
antagonists [22].

Interpretation
Scintigraphic studies are generally interpreted by 
comparing a baseline examination with the one 
performed after the ACE inhibitor administra-
tion. Visual analysis of the time-activity curves of 
both kidneys using a grading system as shown in 
Fig. 7.3 can be a valuable method to define the 
degree of suspicion of renal artery stenosis [23].
Both the images and the time-activity curves are 
evaluated using the traditional parameters of 
function discussed earlier, and the following 
changes after ACE inhibition are considered sig-
nificant for renovascular hypertension [21–24]:

 1. Increase in cortical retention by at least 15% 
or a change ≥2 in the renogram grade, i.e., 0 
to 2 or 1 to 3.

 2. Delay in collecting system visualization by at 
least 2 min.

 3. Decrease in initial cortical uptake by at least 
10%.

 4. Increase in time to peak by at least 2 min.

Factors Influencing ACE Inhibitor 
Scintigraphy
ACE inhibitor renography is subject to several 
variables that may result in false-positive or false- 
negative studies.

0

5

0 5 10 15 20

1

4

2

3

Time (minutes)

C
ou

nt
s

Fig. 7.3 Renographic curve patterns with the grading of 
suspicion for renovascular hypertension: 0, normal; 1, 
minor abnormalities; 2, delayed excretion rate with pre-
served washout phase; 3, delayed excretion rate without 
washout phase; 4, renal failure pattern with measurable 
kidney uptake; 5, renal failure pattern without measurable 
kidney uptake (blood-background type curve). (Adapted 
from [24])
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 1. Hypotension or a marked change in blood 
pressure after ACE inhibitor administration is 
often associated with bilateral symmetrical 
renal retention of the radiotracer.

 2. Dehydration with or without diuretics. An 
additional oral fluid load of 5–10  mL/kg of 
body weight 30–60 min before the procedure 
is advised to ensure proper hydration [25, 26].

 3. Chronic ACE inhibitor therapy may poten-
tially lower scintigraphic sensitivity and 
should be discontinued before the test. 
Alternatively, if the ACE inhibitor cannot be 
discontinued, scintigraphy may be performed 
while the patient is on therapy. If renal func-
tion appears symmetrical, renovascular hyper-
tension is unlikely, and a baseline study need 
not be done. However, if the function is asym-
metrical, the ACE inhibitor should be discon-
tinued before the baseline study.

 4. Aspirin and other nonsteroid anti- inflammatory 
agents such as indomethacin may decrease the 
sensitivity of the test. These drugs decrease 
prostaglandin activity and, therefore, indirectly 
decrease renin- angiotensin activity. This is par-
ticularly true with the use of DTPA, and hence 
MAG3 is preferred in patients who take nonste-
roidal anti-inflammatory drugs [24].

 5. Calcium channel blocking drugs are com-
monly used in renovascular hypertension. 
Although their effect on GFR is not as pro-
nounced as that of ACE inhibitors, these drugs 
have been implicated as a cause of false- 
positive studies [27]. The mechanisms respon-
sible for this finding are not entirely clear. It 
appears that the effect of angiotensin II on 
efferent arteriolar constriction requires the 
presence of extracellular calcium and, there-
fore, can be attenuated by calcium channel 
blockers. Perhaps a marked decrease in GFR 
resulting from the combined effect of calcium 
channel blockers and captopril may explain 
the above findings.

7.4.2  Urine Outflow Obstruction

Urinary tract obstruction may be complete or 
partial, and it may occur at various locations, 
including the ureteropelvic junction (UPJ), ure-

terovesical junction (UVJ), and bladder outlet. 
The clinical consequences are quite dramatic and 
predictable in an acute and complete obstruction, 
but not in a partial and chronic one, exemplified 
by UPJ obstruction in children. Chronic UPJ 
obstruction, however, may eventually lead to 
renal cortical atrophy.

Hydronephrosis may be due to obstruction or 
non-obstructive conditions such as vesicoureteral 
reflux, urinary tract infection, and congenital 
dysmorphism. It may be temporary with sponta-
neous resolution in infants and young children, 
intermittent, or progressive with eventual 
stabilization.

7.4.2.1  Diuretic Renography
Furosemide, used for the scintigraphic evaluation 
of urine outflow for diagnosis of urinary tract 
obstruction, and other loop diuretics block the 
reabsorption of sodium, chloride, and potassium 
in the thick ascending limb of the loop of Henle. 
Increased tubular sodium decreases water reab-
sorption by an osmotic effect. Additionally, 
decreased sodium reabsorption into the medul-
lary interstitium reduces its osmolarity, which in 
turn reduces water reabsorption from the collect-
ing tubules.

Diuretic renography [28–31] is based on the 
principle that increased urine flow resulting after 
furosemide administration causes rapid “wash-
out” of radiotracer from the unobstructed collect-
ing system (Fig.  7.4), but delayed washout is 
noted if obstruction is present (Fig. 7.5). While 
furosemide generally is administered intrave-
nously after filling the pelvicalyceal system, 
administration at the time of or before radiotracer 
administration has also been used. The standard 
adult dose of furosemide is 0.5 mg/kg or 40 mg, 
producing maximal diuresis within 3–6  min in 
patients with normal renal function. A higher 
dose of furosemide may be required in patients 
with impaired renal function to achieve an ade-
quate diuretic response [32]. The washout half- 
time following diuretic injection is determined 
from the time-activity curve. A half time of 
10 min or less is considered normal, 10–20 min 
equivocal, and more than 20  min abnormal. 
However, over-reliance on the washout half-time 
may not be justified because many factors may 
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Fig. 7.4 A radionuclide diuretic renography study is 
illustrating hold-up activity in the right functioning kid-
ney by the end of the pre-Lasix study with rapid washout 

on post Lasix study, which is clearly illustrated on the 
time-activity curve. These exemplify the non-obstructed 
pattern

influence the diuretic renogram, including renal 
dysfunction, dehydration, inadequate furosemide 
dosage, atonic pelvis (redundant tissue).

Some steps may be taken to optimize the 
radionuclide evaluation of urinary tract obstruc-
tion. Since renal function preservation is the 
overriding concern, it has been suggested that 
renal cortical function evaluation should be the 
primary focus of scintigraphic assessment. 
Additionally, since renal impairment or its pro-
gression is unpredictable, a single study in the 

infant with UPJ obstruction is of limited value. 
Instead, periodic scintigraphic assessments at 
intervals of 3 months are more desirable. Undue 
reliance on a single post-diuresis washout half- 
time also appears unwarranted for the reasons 
noted earlier. If the methodology is standardized, 
periodic evaluation as for functional assessment 
may improve the predictive ability of the washout 
parameter as well. An increasing washout time 
probably is more meaningful than a single “posi-
tive” study [28].
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Fig. 7.5 A diuretic renography study in an adult patient illustrating obstructive pattern on the left side. Note the left 
kidney time activity curve, which shows no clearance before Lasix and no response to Lasix

7.4.3  Urinary Tract Infection

7.4.3.1  Pathophysiology
Urinary tract infections (UTIs) are particularly 
important in the pediatric age group as it is one of 
the most common diseases in children. UTIs’ 
overall incidence in children ranges between 
1.5% and 2% [29–31]. In the neonatal period, 
UTIs are relatively rare and are usually caused by 
bacteria from the bloodstream. The incidence in 
newborns is higher for boys, while girls are 
affected (1%) more than boys (0.3%) between the 

ages of 1 and 5  years [29–31]. The incidence 
increases up to 5% among girls of school age. 
The most common age for UTIs in girls is 
7–11  years, resulting from bacterial infection  – 
usually a pathogenic strain of Escherichia coli—
ascending the urethra.

Many predisposing factors affect the inci-
dence and the severity of the disease in different 
age groups. These factors include individual sus-
ceptibility, bacterial virulence, and the host’s 
anatomical abnormalities such as the presence of 
vesicoureteral reflux (VUR), obstruction, stasis, 
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Table 7.1 Factors predisposing to and affecting the 
severity of UTI in children

Individual susceptibility
Bacterial virulence
High-grade vesicoureteral reflux
Obstruction and stasis
Hydronephrosis with or without pelviureteric junction 
obstruction
Horseshoe kidney
Crossed renal ectopia
Renal duplication with ectopic ureters
Urethral polyps or diverticula
Posterior urethral valves or ureterocele
Lack of circumcision (boys)
Sexual activity (girls)
Indwelling urinary catheter
Trauma to the urinary tract
Diabetes

or stones (Table  7.1). However, UTIs may also 
occur in healthy children with an anatomically 
normal urinary tract. Individual susceptibility 
may be variable and can be related to familial or 
hereditary factors.

Chronic pyelonephritis is a result of recur-
rent or untreated acute pyelonephritis. It occurs 
almost exclusively in patients with major ana-
tomic anomalies, including urinary tract 
obstruction, renal dysplasia, or, most com-
monly, vesicoureteral reflux (VUR) in young 
children.

Although pseudomonas infection is common 
in UTIs following reflux, particularly the severe 
cases [33], the usual pathogenesis of UTIs is the 
proliferation of E. coli in the colon. This bacterial 
proliferation allows the movement of the bacteria 
into the periurethral mucosa. To be able to multi-
ply, bacteria that reach the urinary tract must 
overcome the tendency to be washed away by 
urine flow and bladder voiding. Accordingly, pro-
longed intervals between voiding, increased stor-
age pressure, or significant residual urine volume 
favor bacteria’s growth and allowed even rela-
tively nonpathogenic bacteria to cause significant 
infections. Vaginal filling secondary to high void-
ing velocity and turbulent urine flow related to a 
dysfunctional voiding pattern is an important fac-
tor in bacterial contamination and urinary infec-
tions in girls [34].

Urinary tract infections are divided into lower 
and upper infections. Lower UTI or infection of 
the bladder (cystitis) results in mucosal inflam-
mation and congestion, which causes hyperactiv-
ity of the detrusor muscle and decreasing the 
bladder capacity [35]. This also can lead to urine 
reflux up the ureter. This reflux can send bacteria 
to the kidney, leading to acute or chronic pyelo-
nephritis, which may cause renal abscesses or 
scarring. Acute pyelonephritis requires more vig-
orous treatment than lower urinary tract infection 
and, if left untreated, can lead to scarring and 
renal insufficiency. Consequently, identifying 
renal involvement is critical in children with sus-
pected urinary tract infection and parenchymal 
scintigraphy with the tubular agent, Tc-99m- 
dimercaptosuccinic acid (DMSA), can play an 
important role in their diagnostic evaluation.

Ascending infection from the lower urinary 
tract is the usual cause of pyelonephritis. The 
infection appears to originate in the urethra or the 
vaginal introitus, colonized by enteric flora, pre-
dominantly Escherichia coli. It is more common 
in females, presumably due to their shorter ure-
thra. The ascending infection eventually reaches 
the renal calyces, from which micro-organisms 
enter the parenchyma through the papillae by 
intrarenal reflux.

Severe long-term sequelae, such as hyperten-
sion and renal failure, may develop if urinary 
infection leads to acute pyelonephritis and subse-
quently to renal scarring. The pathophysiology of 
renal scarring is still obscure. Numerous factors 
may contribute to tissue damage following acute 
infection. It was found that patients with increased 
Transforming growth factor-beta1 (TGF-beta1), 
a potent proinflammatory and fibrogenic cyto-
kine known to have a key role in regulating the 
renal tissue fibrosis, may be at higher risk for 
renal damage following reflux [36].

Nonsecretor status of blood type antigen has 
also been associated with a higher risk of urinary 
tract infection (UTI) in women. A study has 
shown that the nonsecretor status significantly 
correlated with the presence of focal renal scar-
ring (41% vs. 22% for children with and without 
scarring, respectively) as determined by 99mTc-
DMSA renal scan [37].
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Scarring of the renal parenchyma is a com-
mon cause of hypertension and, if sufficiently 
extensive, can lead to progressive renal insuffi-
ciency and end-stage renal disease. Vesicoureteral 
reflux, particularly of a higher grade, is frequently 
associated with scarring.

The upper UTIs cannot be easily differenti-
ated clinically from cystitis based only on 
symptoms. However, differentiation between 
upper and lower UTI is important since the for-
mer is often associated with renal parenchymal 
damage. It is particularly difficult in infants, 
who usually develop nausea, vomiting, diar-
rhea, or jaundice. In children, fever, frequency, 
urgency, enuresis or incontinence in a previ-
ously dry child, abdominal pain, foul-smelling 
urine, and sometimes hematuria are the most 
common clinical presentations. It is estimated 
that up to 40% of children with UTI are asymp-
tomatic [38].

7.4.3.2  UTI Scintigraphy
Imaging strategies in pediatric urinary tract infec-
tions are controversial. The recent literature illus-
trates the complementary roles of ultrasound, 
computed tomography (CT), and nuclear medi-
cine [39–41].

Imaging renal parenchyma with 99mTc-DMSA 
offers a simple and accurate method for detecting 
acute pyelonephritis in a child with urinary tract 
infection. 99mTc-DMSA localizes in functioning 
proximal tubular cells and is not excreted in sig-
nificant amounts. Imaging at 3–24 h after radio-
pharmaceutical administration reveals primarily 
cortical uptake without interfering activity in the 
collecting system. A cortical defect due to pyelo-
nephritis is characterized by the preservation of 
renal contour, whereas scarring (from a previous 
infection) typically results in organ volume con-
traction (Fig. 7.6).

In addition to imaging during the acute phase 
of the disease, follow-up studies are done to con-
firm the resolution of the pyelonephritic defect(s) 
and the absence of cortical scarring. Patients with 
scars are followed periodically with imaging and 
relative function measurements to assess for pro-
gressive renal insufficiency (Fig. 7.7).

The importance of 99mTc-DMSA for patients 
with urinary tract infections for initial evaluation 
and follow-up of children with UTI was re- 
emphasized by many studies [42–45].

Ultrasonography is recommended by newer 
guidelines to be used more than before; Spiral CT 
and Magnetic resonance imaging (MRI) are other 
modalities that may help evaluate pyelonephritis 
[40, 41].

7.4.4  Renal Transplantation 
Complications

Renal transplantation surgery has shown signifi-
cant improvement in graft survival and an increase 
in the number of transplantations. Graft survival is 
best when the donor is an HLA- identical sibling 
and better for living-related than cadaver donors 
with similar HLA matches. Other factors, includ-
ing harvesting and transplantation technique, cold 

Fig. 7.6 Diagram illustrating the routes of inducing uri-
nary tract infection. The left-hand side represents the 
hematogenous route, while the right-hand side represents 
the retrograde route such as with vesicoureteral reflux
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Table 7.2 Renal transplantation complications

Surgical complications
Urine extravasation, ureteral obstruction
Hematoma, lymphocele
Renal artery stenosis
Medical complications
Acute tubular necrosis
Rejection
   Antibody-mediated rejection
    Hyperacute rejection
    Accelerated acute rejection
   Acute/active rejection
   Chronic/sclerosing allograft nephropathy
Nephrotoxicity of drugs

a b

Fig. 7.7 99mTc-DMSA study (a) demonstrating bilateral upper pole defects and a mid-left kidney defect (arrows). A 
diagram (b) illustrates how scars affect the kidney contour

ischemia time (between harvest and transplanta-
tion), donor/recipient age, recurrence of primary 
renal disease, and race, also play an important role 
in graft survival. Several complications, surgical 
and/or medical (Table 7.2), occur following trans-
plantation and need to be detected and evaluated to 
avoid graft failure and outcome.

7.4.4.1  Surgical Complications

Urine Extravasation, Ureteral Obstruction
Extravasation of urine (“urinoma”) may result 
from ischemic injury related to devasculariza-
tion during harvesting or leakage at the uretero-
vesical anastomosis. It may predispose to 
infection and therefore requires a timely diagno-
sis. While routine renal scintigraphy performed 
after transplantation may detect urine extravasa-
tion, it is often used to confirm a leak suspected 
clinically or sonographically. The scintigraphic 
appearance is an area of increased radiotracer 
activity, although such increase may not be 
apparent for up to 2–3 h after radiotracer admin-
istration in some instances.

Ureteral obstruction is thought to be usually 
due to ischemia or postischemic scarring. 
Extrinsic compression by a lymphocele or hema-
toma is another cause. If needed, dilatation of the 
ureter or stent placement/reoperation may be 
done. Scintigraphy, with the aid of furosemide- 
induced diuresis in some cases, maybe helpful in 
the diagnosis and post-treatment evaluation of 
this condition.
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Hematoma, Lymphocele
Hematomas are generally perinephric or intra-
vesical in location. Scintigraphy can be positive, 
demonstrating a photopenic region, i.e., with 
activity less than the background. Hematomas 
are usually self-limited.

Lymphoceles are extrarenal collections of 
lymphatic fluid from the kidney, occurring most 
frequently about 2–3  months after transplanta-
tion. They may be exacerbated by rejection, 
which increases renal lymph flow. Most lympho-
celes are inconsequential, though some may be 
associated with ureteral compression, as noted 
earlier, or iliac vein compression resulting in 
lower extremity edema. Treatment consists of 
sclerotherapy, drainage, or the creation of a peri-
toneal window. The characteristic scintigraphic 
finding with lymphoceles is a perinephric photo-
penic region, which is easier to visualize if a 
high-intensity image is obtained at the end of the 
study to accentuate the body background. 
However, it should be noted that lymphoceles 
occasionally may become isointense with the 
background or exceed background activity on 
later images.

Renal Artery Stenosis
Hypertension is usually due to pathology in the 
native kidneys, transplant rejection, or cyclo-
sporine/tacrolimus treatment, and, less fre-
quently, renal artery stenosis. The stricture is 
generally at the anastomotic site or distal to it. 
The pathophysiological consequences of renal 
artery stenosis in the transplanted kidney are 
somewhat different from unilateral stenosis in 
patients with two kidneys. In the latter, the 
elimination of sodium is decreased on the ste-
nosed side, but increased sodium excretion by 
the normal kidney helps keep the blood volume 
from increasing. In a transplanted kidney with 
renal artery stenosis, a normal kidney is not 
available to eliminate excess sodium. Therefore, 
depending on the level of salt intake, the initial 
renin-dependent hypertension develops into 
volume-dependent hypertension. Consequently, 
the fall in GFR in response to an ACE inhibitor 
may be less than expected and inapparent on 
the scintigraphic study. However, most of these 
patients are on diuretics and/or a salt-restricted 

diet, which will help to limit the rise in blood 
volume.

7.4.4.2  Medical Complications

Acute Tubular Necrosis
Acute tubular necrosis (ATN), characterized by 
ischemic necrosis of the tubular epithelial cells 
and decreased GFR, is frequently associated with 
cadaver renal transplants. Possible causes are 
hypotension/hypovolemia in the donor and the 
prolonged interval between harvest and trans-
plantation. Urine output usually starts to decrease 
within the first 24 h or so and improves spontane-
ously after a few days, although ATN may occa-
sionally last a few weeks. It is often difficult to 
make a clinical distinction between ATN and 
rejection in the post-transplantation period. A 
clear scintigraphic distinction between these two 
conditions also has remained elusive for two rea-
sons. First, the scintigraphic diagnosis of ATN 
rests on the premise that graft perfusion is pre-
served despite decreasing function (Fig. 7.8), in 
contrast to rejection, where both perfusion and 
function decrease in parallel (Fig. 7.9). However, 
depending on the severity/stage of ATN, graft 
perfusion may vary. Second, ATN and acute 
rejection may coexist. From a clinical standpoint, 
a cadaver transplant with impaired function is 
assumed to have ATN.  An aggressive search/
treatment for rejection is initiated if the expected 
recovery in graft function fails to occur. Such 
recovery can best be ascertained by serial scintig-
raphy, a sensitive measure of graft function, 
although the two may be indistinguishable.

Rejection
The histopathological criteria for the diagnosis 
and classification of rejection have improved sig-
nificantly in recent years and continue to evolve 
[46–48]. From a large body of literature, a con-
sensus referred to as the Banff Classification has 
emerged. The new classification shifts the focus 
from diagnosis of rejection to prognosis to facili-
tate patient management. The distinction is made 
between rejection with tubulointerstitial changes, 
milder disease, and rejection with vasculitis, 
where the outcome is poorer. The types of rejec-
tion are discussed below.
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Fig. 7.8 Acute tubular necrosis following renal transplantation. The perfusion is preserved (a), while the renal dysfunc-
tion is noted through the parenchymal retention (b) and rising time-activity curve (c). (Courtesy of Dr. A. Omar)
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Fig. 7.9 Tc 99m MAG-3 study for a patient with renal transplantation showing decreased perfusion (a) and function 
(b) of the graft illustrating the scintigraphic findings of rejection

 1. Antibody-mediated rejection:
Two types of antibody-mediated rejec-

tion are described, immediate or hyperacute 
and delayed or accelerated acute. 
Hyperacute rejection is caused by pre-
formed anti-donor antibodies and is charac-
terized by intense vasculitis, fibrin-platelet 
thrombi, and infarction of the renal cortex, 
with graft loss. Rejection may begin within 
minutes or hours and is usually apparent 
during surgery. Scintigraphy shows a photo-
penic region corresponding to the avascular 
graft. Fortunately, hyperacute rejection is 
rare nowadays and largely preventable by 
appropriate screening tests.

Accelerated acute rejection may be consid-
ered a “slow” variant of hyperacute rejection, 
mediated primarily by anti-donor antibodies. 
It usually occurs on the second or third day 
following transplantation, after allograft func-
tion has been established. Clinical manifesta-
tions include fever, pain, swelling, tenderness 
in the transplant region, hypertension, oligu-
ria, or anuria. Scintigraphy generally shows 
poor radiotracer uptake in the graft.

 2. Acute/active rejection:
Acute rejection is the most frequent type 

of rejection confronting the nuclear medi-
cine physician. It is most common in the first 

4  weeks following transplantation but may 
occur at any time between 3 days and 10 or 
more years. Clinical findings generally are 
not as dramatic as in accelerated rejection. 
Acute rejection is predominantly a cell-
mediated process with mononuclear cell 
infiltration and tubulitis, although the more 
severe forms are associated with a humoral 
component with various degrees of vasculi-
tis. Accordingly, the Banff system grades 
acute rejection from I to III, with subdivi-
sions for the severity of changes. The lowest 
grade represents interstitial infiltration and 
moderate tubulitis, while the highest grade is 
associated with transmural arteritis and/or 
arterial fibrinoid change and necrosis of 
medial smooth muscle cells.

 3. Chronic/sclerosing allograft nephropathy:
Generally occurs 6  months to years after 

transplantation. It may be related to many 
causes, including chronic rejection, hyperten-
sion, infectious/noninfectious inflammatory 
process, and medications’ effects (see below). 
If present, rejection may respond to treatment, 
though the diagnosis may not be apparent on 
biopsy. Histopathological changes in the con-
dition also can be graded, depending on the 
severity of interstitial fibrosis and tubular 
atrophy.
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Nephrotoxicity of Drugs
Cyclosporine and, more recently, tacrolimus 
(FK506) have been used routinely as immuno-
suppressive agents. Clinically, nephrotoxicity 
resulting from these drugs may be difficult to dis-
tinguish from rejection, and the conditions may 
be superimposed. Toxicity is generally associated 
with elevated blood levels of the drug, improving 
after dose reduction. Histopathological findings 
of microvascular injury, with fibrin thrombi in the 
glomerular arterioles and capillaries, have been 
noted but, unfortunately, are not diagnostic for 
cyclosporine or tacrolimus toxicity [49–51].

7.4.5  Vesicoureteral Reflux

7.4.5.1  Pathophysiology
VUR is the retrograde flow of the urine from the 
bladder into the ureter. Normally, urine is pro-
pelled from the kidney to the urinary bladder 
through the ureter in only one direction. The val-
vular role of the ureterovesical junction depends 
on the anatomical relationship between the ureter 
and the bladder. The ureter follows a retroperito-
neal course from the kidney to the bladder. After 
penetrating the bladder wall, the ureter is securely 
anchored to it throughout its entire transmural 
course. A specific arrangement serves to maintain 
a competent one-way valve at the ureterovesical 
junction with a mechanism that is best described 
as a flap valve.

VUR allows the infected urine to be repeat-
edly returned to the kidneys from the bladder, 
and the reflux drains back into the bladder at the 
end of each voiding. Pyelonephritis, especially in 
children younger than 3 years, is often a result of 
combined reflux and infection. VUR occurs more 
frequently in girls by a ratio of 10:1, and the inci-
dence is approximately 1 in 1000 children. Reflux 
may be unilateral or bilateral and is commonly 
classified by the international radiologic grading 
system (Table 7.3). The international radiologic 
grading includes five grades using detailed anat-
omy, such as the characterization of the fornices 
that are impossible to achieve by scintigraphic 
studies. Accordingly, a more simplified scinti-
graphic grading attempt classifies reflux into 

three grades (Table  7.4 and Fig.  7.10) grades; 
mild (I), moderate (II), and severe (III) [52].

The flap mechanism of the ureterovesical 
junction depends on several anatomical relation-
ships and physiological parameters. Any condi-
tion that alters these relationships can lead to 
reflux. Examples include abnormal obliquity of 
the ureter during its intramural course, conditions 
that weaken the bladder’s muscular support to the 
ureter, and sphincter dyssynergia. VUR may be 
primary or secondary [53, 54].

Primary reflux results from a congenitally 
abnormal or ectopic insertion of the ureter into 
the bladder. Occasionally, the condition is heredi-
tary [55]. Siblings of patients with vesicoureteral 
reflux (VUR) are at greater risk of reflux than the 
general population, and screening in this group is 
widely accepted. In a recent study, at 48 months 
after diagnosis, 75% of mild reflux cases (I–III) 
and 37% of severe reflux (IV and V) of prenatally 
detected primary VUR had resolved, indicating a 
relatively benign clinical course.

Secondary reflux is more serious and may be 
transient or persistent [35]. It develops in 
 association with infection, malformations of the 
ureterovesical junction, increased intravesical 
pressure, and surgery to the ureterovesical 
junction.

Table 7.3 Radiologic grading of vesicoureteral reflux

I Reflux into a non-dilated ureter.
II Reflux into the upper collecting system without 

dilatation.
III Reflux into mildly dilated ureter and 

pelvicalyceal system.
IV Reflux into a grossly dilated ureter and 

pelvicalyceal system.
V Massive reflux with marked ureteral dilatation 

and tortuosity and marked dilatation of the 
pelvicalyceal system.

Table 7.4 Scintigraphic grading of vesicoureteral reflux

Grade 
I

Reflux into the ureter.

Grade 
II

Reflux into the pelvicalyceal system.

Grade 
III

Reflux into the pelvicalyceal system with 
apparently dilated pelvis or both pelvises 
and ureters.
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I II III

Fig. 7.10 Grades of 
vesicoureteral reflux 
used for radionuclide 
studies

The interstitial cells of Cajal (ICCs) are pace-
maker cells that create and coordinate peristaltic 
motility. It was recently found that refluxing ure-
teral endings significantly lack these pacemaker 
cells, implying a malfunctioning valve mecha-
nism permitting VUR. Connexin 43 (gap junction 
protein) immunoreactivity was significantly 
decreased in all refluxing ureteral specimens, 
whereas; it was homogeneously distributed in 
normal controls. A substantial decrease in gap 
junctions in this region adversely affects intercel-
lular signaling, aggravating coordinated peristal-
sis, which is essential for a competent anti-reflux 
mechanism [53].

7.4.5.2  Reflux Scintigraphy
Voiding radionuclide cystography is a sensitive 
procedure for the early detection and monitoring 
of VUR.  Early diagnosis of VUR with subse-
quent follow-up helps to prevent cortical scar-
ring. It is especially attractive because of its 
excellent sensitivity and low absorbed radiation 
dose compared with the radiographic MCUG. It 
was estimated that its radiation exposure is less 
than 1/20 of the conventional contrast-enhanced 
micturating cystourethrogram (MCU) [53]. The 
sensitivity of indirect voiding urosonography 
without contrast media and without filling the 
bladder through a catheter to detect vesicoure-
teral reflux (VUR) in children is inadequate; its 
overall sensitivity is only 49% [56].

Approximately 20% of patients with vesico-
ureteral reflux diagnosed before 6  months of 
age demonstrated dysfunctional voiding after 
the age of toilet training [57]. Accordingly, fol-
low-up of patients is important. The duration 
and methods of follow-up of VYR patients are 
controversial. Voiding cystography, however, 
may not be used in certain groups of patients 
for routine follow- up. For instance, the follow-
up of uncomplicated ureteral reimplantation in 
children is usually done by ultrasonography. 
Additionally, in this group of patients, follow-
up for more than 1 year postoperatively is not 
warranted, and ultrasonography can be elimi-
nated beyond the year [57].

Similarly, ultrasonography is used for screen-
ing for siblings of patients with vesicoureteral 
reflux who are at higher risk than the general 
population. If ultrasonography is abnormal, the 
gold-standard test, the radionuclide voiding cys-
tography, is performed [58].

On the other hand, follow-up of newborns 
with prenatally detected VUR might require 
voiding cystourethrogram (VCUG) and DMSA 
scan. In a study [59], 58% of such infants had 
bilateral VUR. Severe reflux (grades IV and V) 
was more common and present in 54% of infants. 
Renal damage was detected in 34% of the kid-
neys on the first renal scan, with a significant cor-
relation between severe reflux and renal damage 
scars [59].
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Generally, voiding cystourethrograms are 
associated with significant trauma to patients and 
should not be used routinely according to the 
recent guidelines. VCUG is indicated if renal and 
bladder ultrasonography reveals hydronephrosis, 
scarring, or other findings that would suggest 
either high-grade vesicoureteral reflux (VUR) or 
obstructive uropathy, as well as in other atypical 
or complex clinical circumstances [40, 41].

7.4.6  Testicular Torsion

7.4.6.1  Pathophysiology
Testicular torsion occurs when the spermatic 
cord is twisted, and it has been argued that the 
correct term should be spermatic cord torsion 
[60, 61]. Although various factors may predis-
pose to torsion [62], a narrow mesenteric attach-
ment from the spermatic cord to the testis and 
epididymis is regarded as the dominant cause, 
i.e., a slender attachment occurring as a result of 
a narrowed testicular bare area. This bare area 
may reach nearly one-third of the testicular cir-
cumference, allowing the testis to fall forward 
within the cavity of the tunica vaginalis and to 
rotate like a bell-clapper; the intravaginal type of 
torsion [63].

Other forms of testicular torsion are recog-
nized. In neonates, the gubernaculum is not 
attached to the scrotal wall, and the testis is sus-
ceptible to torsion. This is termed extravaginal 
torsion, as the entire testis, epididymis, and tunica 
vaginalis twist in a vertical axis on the spermatic 
cord. Some vestigial testicular appendages are 
susceptible to torsion. There are four testicular 
appendages: the paradidymis (organ of Giraldés), 
the appendix testis (hydatid of Morgagni), the 
appendix epididymis, and the vas aberrans of 
Haller (divided into superior and inferior compo-
nents). The appendix testis was most consistently 
present in 92% of autopsies and found to be mul-
tiple in 8% [63, 64].

Two factors are critical in testicular torsion: 
the extent of spermatic cord twist and the torsion 
duration. The degree of torsion can vary from 90° 
to three complete turns of the vascular pedicle. 
Not surprisingly, blood flow may be variably 
compromised. The initial disruption will be to the 

venous and lymphatic drainage, rather than to the 
arterial input of the testis, and venous infarction 
occurs earlier and at lesser levels of torsion [65].

Experimentally, complete cessation of blood 
flow to the testis occurs with the spermatic cord 
twisting 720° [66]. A 450° twist consistently pro-
duced no flow and testicular infarction in the nor-
mal rabbit testis, whereas a 360° twist resulted in 
decreased flow [67].

In patients with torsion, a twist between 360° 
and 720° is found. Experimental studies have 
shown that testicular infarction begins to appear 
within 2 h of complete occlusion of the testicular 
artery [67]; irreversible ischemia occurs after 6 h 
[68–70], and complete infarction is established 
by 24 h.

With complete vascular occlusion, the testis 
appears grossly swollen and hemorrhagic. 
Microscopically, the picture is that of hemor-
rhagic infarction. The degree of necrosis 
depends upon the duration of occlusion. If this 
has been longer than 10  h, the necrosis of the 
seminiferous epithelium is usually complete 
and irreversible. With incomplete occlusion, 
necrosis may be delayed. Torsion that lasts less 
than 6  h probably will not cause a testicular 
infarct. If torsion lasts longer than 24 h, the test 
is almost certainly will infarct [60, 61]. Although 
exceedingly rare,  testicular torsion can be asyn-
chronously bilateral [71].

The condition may be acute (symptoms last 
less than 6  weeks) or chronic (more than 
3 months). Acute epididymitis is almost always 
unilateral. Gram-negative bacilli commonly 
cause acute epididymitis in children or following 
urinary tract instrumentation. The epididymis is 
sometimes the site of metastatic infection, such 
as tuberculosis.

7.4.6.2  Diagnosis
Testicular torsion results in acute pain and isch-
emia. The most common signs and symptoms 
include red, swollen scrotum, and acutely painful 
testicle, often in the absence of trauma. Nausea 
and vomiting are common. The most common 
conditions in the differential diagnosis include 
epididymitis, strangulated inguinal hernia, trau-
matic hematoma, testicular tumor, or testicular 
fracture. Physical examination techniques such 
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as scrotal elevation can help differentiate between 
epididymitis and testicular torsion. However, 
clinical examination of the scrotum is difficult 
due to the small size of the testes and the epididy-
mis in infants and young children, and eliciting 
patients’ history is challenging. Epididymitis has 
been considered uncommon in childhood, but its 
frequency has increased among children admit-
ted with acute scrotum diagnosis [72].

The long-term prognosis for a functional, non- 
atrophied testicle is improved the sooner the tor-
sion is diagnosed and treated. Therefore, 
confirming the diagnosis and quick management 
is crucial. Accordingly, imaging of the scrotum in 
children suspected of having the condition bears 
great importance [73, 74].

7.4.6.3  Scrotal Imaging
The classification of scrotal disorders in children 
into three typical clinical manifestations, namely 
acute scrotal disorders, scrotal masses, and crypt-
orchidism, is a helpful and practical basis for 
choosing the most suitable imaging modality 
available and commonly used modalities. These 
include sonography, scintigraphy, and magnetic 
resonance (MR) imaging. Either scintigraphy or 
sonography may be used as the first imaging 
study, and both can help distinguish among the 
disorders to different degrees. Although sonogra-
phy provides superior anatomic details to scintig-
raphy, it may not be as accurate as it is thought to 
diagnose the most serious emergency reason for 
scrotal pain [74]. Scrotal masses are also best 
depicted with sonography with MRI as an adjunc-
tive modality. In suspected cryptorchidism with 
equivocal clinical findings, both sonography and 
MR imaging are useful, but sonography is usu-
ally the initial study [75].

This strategy for imaging for acute scrotal dis-
orders most relevant to nuclear medicine is not 
uniform and varies between the institutions based 
on the experience. In most institutions, Doppler 
ultrasound is used most commonly as the stan-

dard imaging technique of choice to confirm the 
diagnosis in most cases.

7.4.6.4  Scrotal Scintigraphy
Scintigraphy is used when color Doppler is inad-
equate, the diagnosis remains unclear, or if com-
plications occur during the course of the disease. 
Radionuclide testicular scintigraphy is also used 
more commonly after the acute phase of the first 
12  h, and vascular compromise has prolonged 
[76–78]. Recent studies comparing both modali-
ties indicate similar sensitivity; the two studies 
may provide complementary information in inde-
terminate cases [79–81].

A study on 41 boys with suspected testicular 
torsion scintigraphy and Doppler ultrasound 
were performed and compared. There was no sta-
tistically significant difference in the sensitivity 
of both modalities. Specificity was 77% for color 
Doppler US and 97% for scintigraphy (P = 0.05). 
Due to the higher specificity, scintigraphy can 
help avoid unnecessary surgery when color 
Doppler US shows equivocal flow [81]. In 
another two studies of 21 and 37 patients, respec-
tively, scintigraphy was more accurate than 
Doppler ultrasonography. It also has the advan-
tage of being simple, fast, and accurate but with-
out any detrimental effect on the human body 
[80, 82].

Findings on a normal scan are symmetrical 
perfusion with little uptake in the blood pool 
images. In acute torsion (early), there will be 
decreased perfusion on flow images, and the 
blood pool images will show no activity in the 
affected side (Fig. 7.11).

In missed torsion (late), there will be a halo 
of activity surrounding the torsion (a doughnut 
shape) due to increased perfusion to the sur-
rounding tissue through the pudendal vessels 
(Fig. 7.12). There will be increased perfusion 
and hyperemia in acute epididymitis in the 
affected side due to vascular changes associ-
ated with the inflammation (Fig. 7.13) [83].
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Fig. 7.12 99mTc-pertechnetate testicular imaging study showing the rim of increased uptake around the area of 
decreased uptake, illustrating the classic pattern of missed torsion of the left testis (arrow)

R L

Marker

Anterior

Fig. 7.11 99mTc-pertechnetate scrotal scan of a patient 
with acute scrotal pain in the left side. The study shows 
(a) essentially absent activity in the region of the left 

hemi-scrotum (arrow) corresponding to the left testicle by 
palpation markers (b). This case illustrates a pattern of 
acute testicular torsion
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Fig. 7.13 A 14-year-old male was referred for a testicu-
lar scan to rule-out testicular torsion. The patient pre-
sented with 4 h-history of right-sided acute testicular pain 
and swelling. The pain was dull in nature, with no radia-
tion, and was associated with nausea and vomiting. There 
was no history of fever or any urinary symptoms. The 
patient denied any history of trauma. On examination: 
Temperature was 37.4 °C. Left testis was grossly normal, 

and the right testis was tender and swollen. Lab investiga-
tions showed leukocytosis at 14,400. Testicular scan was 
performed, using l7-mCi Tc-99m Pertechnetate given äs a 
bolus intravenous injection. The scan shows increased 
flow (a) and blood pool (b) activity in the right hemi- 
scrotum (arrows) in comparison to the left testis, indicat-
ing an inflammatory process in the right hemi-scrotum 
consistent with right epididymitis
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