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This article presents the role of nuclear medicine procedures in
investigating renal and parenchymal disease, as well as upper
urinary tract abnormalities. More specifically, the use of scintig-
raphy is described in the exploration of urinary tract dilatation
and UTIs, vesicoureteric reflux, renovascular hypertension, and
renal transplants. With a low radiation burden and the absence
of sedation, these nuclear medicine procedures are easy to per-
form and can provide clinicians with valuable data on renal per-
fusion and the function of individual kidneys, as well as on urinary
tract dynamics. However, knowledge of limitations and technical
pitfalls is essential in understanding the role of scintigraphy
among contemporary imaging methods and the unique informa-
tion it supplies in nephrourology.
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Nuclear medicine procedures can provide clinicians
with valuable data on renal perfusion and the function of
individual kidneys, as well as on urinary tract dynamics.
These procedures have a low radiation burden, require no
sedation, and are easy to perform, but clinicians must be
aware of the limitations and technical pitfalls of scintigra-
phy to understand its role among contemporary imaging
methods. This review describes the use of scintigraphy in
the exploration of urinary tract dilatation and infections,
vesicoureteric reflux (VUR), renovascular hypertension
(RVH), and renal transplants.

URINARY TRACT DILATATION

Diuretic renography is an established procedure for the
investigation and diagnostic work-up of upper urinary tract

dilatation and for the follow-up of patients with hydrone-
phrosis. In routine clinical practice, diuretic renography is
the method of choice for differentiating a dilated unob-
structed urinary system from a true stenosis and contributes
to the management of patients with hydronephrosis by as-
sessing both urinary flow and renal function. Major efforts
have been made to standardize the procedure, to avoid tech-
nical pitfalls, and to allow comparison of results between
institutions (1–4). In radionuclide studies of the kidneys
and urinary tract of children, sedation should be avoided if
possible, because it may interfere with bladder voiding and
therefore with the study of urinary dynamics under phys-
iologic conditions. Increased radiation exposure of the bladder
mucosa might be another concern. We generously use topical
lidocaine preparations to diminish the stress of venipuncture.
Receiving the child with the parents in a dedicated, calm
environment; allowing them to become acclimated; and
giving them all the necessary information about the purpose
and course of the procedure usually makes sedation unnec-
essary. When it cannot be avoided, local guidelines for
sedating pediatric patients should be followed. We use, at
the beginning of the study, a short inhalation of an equimolar
mixture of nitrous oxide and oxygen for its analgesic and
amnesic properties and minor side effects.

Diuretic Renography

Tubular tracers such as 99mTc-mercaptoacetyltriglycine
(MAG3) and 123I-orthoiodohippurate (OIH) are generally
preferred to the glomerular agent 99mTc-diethylenetriamine-
pentaacetate (DTPA) because of their higher renal extrac-
tion ratio and rapid plasma clearance, especially in infants
and young children and in patients with impaired renal
function. Considering the immaturity of nephrons in new-
borns, the usual recommendation is that diuretic renog-
raphy be delayed until the age of 4 wk. Before that age,
renal tubules may be unable to respond to the effect of
furosemide. Renal function matures gradually during the
first 2 y of life. Using 99mTc-MAG3 clearance normalized
for body surface, Lythgoe et al. found that mature clearance
was reached during the first year of life and, in 68%, even
before the age of 2 mo (5). Other authors have also em-
phasized the feasibility and reliability of diuretic renography
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in neonates (6,7). The guidelines published by the Society of
Nuclear Medicine and the European Nuclear Medicine
Association recommend the use of furosemide at a dose of
1 mg/kg, up to a maximum of 20 mg in children and 40 mg
in adults. We inject 1 mg/kg in infants, 0.5 mg/kg in
children, and 40 mg in adults according to the recommen-
dations of the Consensus Committee of the Society of
Radionuclides in Nephrourology (4). The validated timing
for furosemide administration is either 20 min or more
(F120) after tracer injection, when maximal distension of
the renal pelvis or ureter can be visually assessed, or 15 min
before tracer injection (F215), which will then occur when
the diuretic response of the kidney is maximal. A more
recent proposal has been to inject furosemide at the same
time as or just after (F10) the radiopharmaceutical. This
procedure has gained popularity, especially in infants and
children, because it avoids repeated venous puncture and
shortens the procedure (6–8). Concomitant administration of
radiotracer and furosemide does not interfere with the deter-
mination of renal function: The diuretic effect begins 1–2
min after injection of the furosemide, and parenchymal
extraction of tubular tracers occurs during the first minute
after bolus injection, with a normal time to peak of less
than 3 min. Up to now, there is no evidence that one timing
of diuretic administration is better than another. Diuretic
response is evaluated by visual and quantitative interpretation
of the dynamic acquisition. Postmicturition images are
mandatory because a full bladder may delay urinary flow
even in an unobstructed system. The effect of gravity-
assisted drainage (a change from the supine position to erect
or prone) is recommended in cases of incomplete urinary
drainage. The role of bladder catheterization is still debated,
but it is not recommended in clinical routine practice. In
older children and adults, renography is performed after
bladder emptying, whereas in non–toilet-trained children,
spontaneous micturition is usually observed during the ac-
quisition. In some particular conditions such as a neurogenic,
dysfunctional, or low-capacity bladder, continuous bladder
emptying during the examination may be indicated. Ade-
quate functioning of the affected kidney (glomerular filtra-
tion rate [GFR] . 15 mL/min) and adequate hydration are
major determinants of the response to furosemide. Oral
hydration (15 mL/kg during the 30 min before renography)
is usually sufficient. Infants will receive bottle or breast
feeding before the test. In particular cases, an intravenous
saline infusion before and during the study may be preferred.
Urinary output, reflecting both the diuretic response and the
hydration state of the patient, should be measured during the
study. Furthermore, in neonates and infants, renal pelvis
compliance is high: An apparently obstructed response
pattern may reflect just the volume expansion induced by
furosemide (9). Background-corrected time–activity renal
curves are used to assess urinary drainage and to calculate
differential renal function. An unobstructed system is easily
assessed by prompt tracer washout, whereas a rising curve
will be highly suggestive of true obstruction. Simple param-

eters such as time to peak and time to obtain a washout of
50% of tracer from the kidney allow one to quantify the
response. Other quantitative parameters that assess drainage
relative to renal function (output efficiency, pelvic excretion
efficiency, parenchymal transit time index, normalized resid-
ual activity) may be used to refine the response evaluation,
but none allows unequivocal interpretation of diuretic renog-
raphy in impaired kidneys. Thus, besides assessing the
diuretic response, quantifying renal function is important.
Chronic obstruction may cause a loss of renal parenchymal
function due to increased pressure in the urinary system
(Table 1).

With tubular tracers, the normal time to peak is less than
3 min in a well-hydrated subject, including neonates and
young infants studied with the F10 protocol. Differential
renal function should consequently be measured during the
extraction phase of the renogram, that is, during the first
2 min (Fig. 1). Differential renal function represents the
contribution of each kidney to the sum of the left and right
renal activity and normally ranges from 45% to 55% (2). A
differential renal function below 40% or a decrease of
differential renal function of more than 5% on successive
diuretic renography studies is generally considered indica-
tive of renal function deterioration, possibly because of
obstructive uropathy, and is used as the threshold for
surgery in most institutions. We do not believe that differ-
ential renal function alone can reliably be used to assess
renal function. The impaired function of one kidney may be
compensated for by the contralateral nonaffected kidney.
This compensation may induce an apparent fall of differ-
ential renal function whereas the absolute function of the
affected kidney in fact remains stable. g-Camera–based
methods of determining absolute renal function are not
recommended by the experts, and clearance techniques
based on blood sampling remain the gold standard. How-
ever, we measured the absolute function of individual

TABLE 1
Limitations and Pitfalls in Performing and Assessing

Diuretic Renography

Source Limitation/pitfall

Patient Hydration status

Bladder emptying

Renal function insufficiency
Acquisition Patient position, movements

Radiopharmaceutical

Timing of furosemide administration

Change of position, postvoiding/late images
Processing Regions of interest, background subtraction

Quantitative parameters used to assess

urinary drainage

Renal function measurement
Reporting Parenchymal aspect and renal function

Response to furosemide, change of position

and voiding
Level of urinary drainage impairment
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kidneys using a camera-based method in infants with severe
unilateral pelviureteric junction stenosis treated either sur-
gically or conservatively, and we found reliable results even
in neonates and young infants (6,10,11). This finding has
been confirmed by others, who combined the overall GFR
measured with 51Cr-ethylenediamine tetraacetic acid and
differential renal function measured during renography to
obtain a single-kidney GFR (12). Using differential renal
function to assess renal function is also inappropriate in
patients with only one functioning kidney, bilateral hydro-
nephrosis, urethral valves, or renal failure. Another impor-
tant issue is that none of the methods predicts the final
outcome for renal function.

Nonradionuclide Imaging

Sonography easily detects hydronephrosis both in infants
and in adults and remains the first imaging modality used
for the diagnosis and follow-up of hydronephrosis. Intra-
venous urography was used formerly but has now been
replaced by unenhanced spiral CT, which needs no bowel
preparation, takes approximately 5 min, and detects other
abnormalities including parenchymal thinning, edema,
perinephric fluid, and tumors. CT has been used in the
diagnosis of urolithiasis and appears to be safe, simple,
rapid, and accurate but does not provide functional infor-
mation and may miss noncalcareous causes of obstruction
(13,14). Magnetic resonance urography (MRU) has been
found to be efficient in the investigation of a dilated upper
urinary tract and offers advantages over other established
diagnostic procedures: The technique provides high ana-
tomic resolution and information on renal function without
radiation (14–16). Sequences with T2 weighting provide
essential information on the dilated, fluid-filled urinary
system without contrast administration, regardless of renal
function. Gadolinium-enhanced T1-weighted sequences
together with furosemide injection allow evaluation of the
entire upper system. Three-dimensional MRU also offers
the possibility of quantifying renal parenchymal function in
cases of poor renal function or gross hydronephrosis (17).
Another challenging potential of MRU is the measurement
of single-kidney GFR and the mapping of intrarenal GFR.
In small children, the major drawback of MRU is the need

for sedation and bladder catheterization. The procedure is
quite lengthy and may not be used in the routine clinical
evaluation of hydronephrosis but can provide useful infor-
mation in cases of complex urinary tract abnormalities such
as duplex kidneys (Fig. 2).

Prenatal Hydronephrosis

Prenatal hydronephrosis is the second most frequently
occurring fetal structural anomaly after those involving the
central nervous system and is usually detected during the
second or third trimester of pregnancy (18,19). Prenatal
hydronephrosis has an incidence ranging from 0.3% to
4.5%, depending on the criteria used to differentiate hy-
dronephrosis and pyelectasis, and is bilateral in 37%–57%.
The hydronephrosis grading system developed by the So-
ciety for Fetal Urology takes into account the anteroposte-
rior diameter of the renal pelvis, the appearance of calices,
and the renal parenchyma (Table 2) (20). There is no
absolute threshold value, but follow-up is generally recom-
mended if the anteroposterior diameter is at least 7–10 mm
during the third trimester of pregnancy. The objectives of
postnatal evaluation are to confirm hydronephrosis and then
to determine its cause and to assess renal function. Bilateral
hydronephrosis requires prompt evaluation by sonography
and voiding cystourethrography (VCUG), especially in
boys, in order not to miss posterior urethral valves (21).
Unilateral hydronephrosis is generally considered a benign
condition that rarely leads to renal failure. The first post-
natal sonographic study is usually performed during the
first week after birth, depending on the severity of the
prenatal findings, but not during the first 72 h because of
reduced urine output after delivery (18,21). More common
causes of fetal hydronephrosis are transient hydronephrosis
(48%) and physiologic hydronephrosis (15%), which will
spontaneously resolve after birth. About 35%–50% of
prenatal hydronephrosis will persist on sequential sono-
graphic studies performed during the first and sixth weeks
of life. The most common cause of persistent hydro-
nephrosis is pelviureteric junction stenosis, which is bilateral
in 20%225% of cases and more frequent in males. Treat-
ment of congenital unilateral pelviureteric junction stenosis
is still debated, but there is evidence that a conservative

FIGURE 1. Diuretic renography (F10) in
6-mo-old boy who had febrile UTI by age
of 2 mo. Renal sonography and VCUG
had normal findings. (A) One-minute
posterior views demonstrate normal
tracer uptake by both kidneys and rapid
washout, with bladder activity visible
from third minute after injection and
spontaneous micturition occurring at
minute 10. (B) Left (red) and right (blue)
renal time–activity curves show symmet-
ric relative function (left, 50%; right, 50%)
and normal time to peak (,180 s).
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approach with close follow-up of renal function can safely
be recommended (Fig. 3); 20%225% of infants will re-
quire surgery during the first 2 y of life (22). Other
investigators have emphasized the need for long-term
follow-up and found that 50% of neonates with unilateral
pelviureteric junction stenosis finally required surgery by
the age of 7 y (23). Close follow-up with diuretic renog-
raphy and sonography can be used safely to monitor renal
function and the degree of hydronephrosis (24), although

none of the investigations is able to predict the ultimate
deterioration of renal function. The use of intravenous
urography is declining, and CT is not routinely used in
children (25). MRU offers the advantage of providing high-
resolution anatomic details and functional information
without radiation but remains a long and invasive procedure
that requires sedation in infants. Therefore, MRU is not
recommended for the diagnosis and follow-up of all chil-
dren with hydronephrosis and should be used to address
only complex urogenital malformations.

The second most common cause of prenatally de-
tected hydronephrosis is VUR, which will be discussed in
a separate section. Other urologic abnormalities include
megaureters and multicystic dysplastic and duplex kidneys.

Adult Hydronephrosis

Whereas hydronephrosis is most often detected fortu-
itously in asymptomatic children, in adults it is generally
diagnosed because of recurrent flank pain of various dura-
tions and intensities, UTI, or acute ureteric colic due to
urolithiasis. The role of renography is probably limited in
patients presenting to the emergency room for acute renal
colic. Sonography followed by unenhanced CTwill confirm
hydronephrosis and reliably localize the level of obstruc-
tion. Some authors have observed that obstruction is better
categorized by diuretic renography and that it should be

FIGURE 2. Bilateral duplex kidney di-
agnosed in 9-y-old boy after febrile UTI.
(A) VCUG shows bilateral pyeloureteral
reflux with opacification of incomplete
systems, suggesting duplication. (B) Cor-
onal T2-weighted MRI scan confirms
presence of duplex kidneys bilaterally.
Lower pyelocaliceal systems are dilated
(arrows) even when upper ones remain
thin (arrowheads). (C) Sagittal sono-
graphic view of right upper quadrant
shows enlarged kidney with broad layer
of parenchyma on upper pole (arrow-
head) and atrophic lower pole (arrow). (D)
One-minute parenchymal view shows
decreased tracer uptake by left lower
system and parenchymal defects at both
poles of right kidney. (E) Images obtained
1, 4, 9, and 15 min (from left to right) after
injection show delayed urinary flow in
lower moiety of left kidney due to loss of
parenchymal function. (F) Renograms of
left and right kidneys show symmetric
function (left, 49%; right, 51%) and no
significant impairment of urinary flow
under furosemide. (G) Indirect radio-
nuclide cystography demonstrate VUR
in both left and right lower systems.

TABLE 2
Grading System for Antenatally Detected Hydronephrosis

Grade*

Central renal

complex (pelvis)

Renal

parenchymal

thickness

0 Intact Normal

I Mild splitting 5 dilatation Normal

II Moderate splitting, but complex,

confined to renal border

Normal

III Marked splitting, pelvis dilated

outside renal border, and calices

dilated

Normal

IV Further caliceal dilatation Thin

*Proposed by the Society of Fetal Urology (20).

1822 THE JOURNAL OF NUCLEAR MEDICINE • Vol. 47 • No. 11 • November 2006



performed in order to distinguish patients who may benefit
from surgery from those who may be treated conservatively
(26). These authors also noted that the positive predictive
value of spiral CT findings for obstruction does not keep
up with that of diuretic renography. They described the
‘‘stunned-kidney pattern’’ caused by cortical or parenchy-
mal dysfunction due to a decrease of flow and function
after passage of the calculus, with no or only faint urine
production. This particular situation has to be recognized,
and delayed images are mandatory to confirm that the acute
tubular damage is due to acute obstruction because function
is expected to recover, usually within days. Another lim-
itation of unenhanced spiral CT is its lack of sensitivity
(reported to range from 27% to 42% (14)) in the diagnosis
of noncalcareous hydronephrosis. MRU with T2-weighted
sequences has been shown to be accurate for the diagnosis
of acute ureteric obstruction and easier to interpret than
unenhanced spiral CT, especially for the diagnosis of
perirenal fluid due to acute obstruction (27). Diuretic
contrast-enhanced MRU has been evaluated in patients
with obstructive uropathy due to calculus and congenital
abnormalities of the urinary system and was more specific
than CT and sonography (28). As mentioned before, MRU
has many potential advantages over the other established
procedures for the diagnosis of obstruction, in particular the
lack of radiation and the possibility of simultaneously
providing functional information and high-resolution ana-
tomic details. The major drawbacks remain the limited

availability, high costs, and patient-dependent feasibility. In
the management of obstructive uropathies, diuretic renog-
raphy offers the advantages of providing information about
renal parenchymal function and of assessing urinary drain-
age in a single simple procedure and thus remains a method
of choice in the diagnostic workup of adult patients with
hydronephrosis (29). As in children, in adults the proper
management of chronically impaired urinary drainage is still
debated, because no diagnostic method is able to provide
prognostic information on renal function outcome.

URINARY TRACT INFECTION (UTI)

UTI is frequent in children and affects girls twice as
often as boys, with 80% of the first infections being
diagnosed during the first 2 y of life (30). The diagnosis
relies on urine cultures. Clinical and biologic criteria are
used to differentiate lower UTI from upper UTI, that is,
acute pyelonephritis. This differentiation is important be-
cause both entities need specific treatment. The prevalence
of UTI is approximately 5% in infants and young children,
and the only clinical sign may be fever of unexplained
origin (31). The risk of renal damage is related to the delay
between diagnosis of infection and initiation of treatment
and increases with the number of UTIs. Nevertheless, no
consensus exists on the role of imaging procedures in
the diagnosis of acute pyelonephritis. The Subcommittee
on Urinary Tract Infection of the American Academy of

FIGURE 3. Diuretic renography (F10)
obtained during follow-up of 4-y-old girl
treated conservatively for left pelviure-
teric junction stenosis detected prena-
tally. (A) One-minute posterior views
show dilated left kidney with preserved
parenchymal function despite impaired
urinary drainage above pelviureteric junc-
tion. Right kidney is normal. (B) Left (red)
and right (blue) renograms confirm sym-
metric (left, 51%; right, 49%) and normal
tracer extraction by both kidneys and
abnormal urinary flow out of left kidney.
(C) Images obtained 20 min after injection
(left), after miction (middle), and 50 min
after injection (right) show residual activ-
ity within left renal pelvis after miction
and 50 min after injection. (D) Initial
sonographic sagittal view of left kidney
shows enlargement of pyelocaliceal sys-
tem. (E) Follow-up sonogram obtained at
same time as diuretic renography shows
persistent enlargement, with satisfactory
growth of left kidney.
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Pediatrics Committee on Quality Improvement recommended
imaging (mainly sonography, VCUG, or radionuclide cys-
tography) of the urinary tract in children younger than 2 y
old but considered the role of cortical renal scintigraphy
still to be unclear despite its recognized high sensitivity
(31).

Cortical Scintigraphy

Scintigraphy with 99mTc-dimercaptosuccinic acid (DMSA)
is a simple and noninvasive method that requires static
imaging 224 h after intravenous injection. Sedation is
rarely needed. Delayed or postfurosemide images may be
helpful in cases of hydronephrosis. The value of SPECT
is still not clear, because the clinical relevance of scars
detected only on SPECT images is uncertain. Reconstruct-
ing oblique SPECT images according to the long axis of the
kidneys reduces artifacts. In small children, pinhole images
of the kidneys are recommended. Relative function is nor-
mally 44%256% (32,33). As mentioned before, a com-
posite image of the first 2 min of dynamic renography with
99mTc-MAG3 or 123I-OIH may also be used to evaluate
renal parenchymal scarring but, because of a lower sensi-
tivity, is a second choice (33).
The sensitivity of 99mTc-DMSA for the detection of

parenchymal defects due to infection ranges from 80% to
100% but does not allow differentiation of acute pyelone-
phritis from renal scars (30,34). Abnormal findings on cor-
tical scintigraphy are found in 52%–78% of children during
acute pyelonephritis, and the risk that a renal scar will
develop can reach 60% (35). Cortical scintigraphy during
acute pyelonephritis has a high negative but weak positive
predictive value for long-term renal scarring. A semiquan-
titative analysis of 99mTc-DMSA raised the positive pre-
dictive value from 62% to 85% for the detection of children
at a high risk for the development of renal scars (36).
Nevertheless, the role of cortical scintigraphy is still largely
debated in acute pyelonephritis but is widely accepted in
the detection of renal scars.

Nonradionuclide Imaging

The sensitivity and specificity of color and power Dopp-
ler sonography have been shown to be comparable to
those of cortical scintigraphy for the detection of acute
pyelonephritis (37). Acute pyelonephritis is usually visual-
ized as a parenchymal triangular zone of decreased or
absent flow. The main limitation of power Doppler sonog-
raphy is its operator dependence, whereas its advantages
are its wide availability, low cost, and lack of radiation.
Some authors have found that sonography could be useful
in detecting severe renal inflammation but not in identify-
ing the risk of renal scarring (38). 99mTc-DMSA scintigra-
phy is the reference method for detecting renal sequelae
after UTI, is more sensitive than sonography (30,32,33),
and should be performed no sooner than 6 mo after the last
documented UTI.
In an experimental study, Majd et al. found a similar

sensitivity and specificity among 99mTc-DMSA SPECT,

gadolinium-enhanced MRU, and spiral CT (39). Using
T2-weighted inversion recovery sequences, Weiser et al.
showed MRU to have potential for differentiating acute
pyelonephritis from scars (40). MRU also reveals the anat-
omy of the kidneys and urinary tract at a high resolution
that adds valuable information for further management. The
major disadvantages of MRU remain its high cost, limited
availability, lengthy examination time, and need for seda-
tion in infants and young children.

VUR

VUR may be diagnosed early in life because of prena-
tally detected hydronephrosis or later during childhood after
UTI. Management strategies include either a conservative
approach, with antibiotic prophylaxis and follow-up, or
antireflux surgery. Neonates are generally treated conser-
vatively, because the VUR is expected to resolve sponta-
neously in 45%–70% of neonatal cases (41). The long-term
complications, such as renal insufficiency, hypertension,
and pregnancy-related complications, are related to paren-
chymal scarring after pyelonephritis (30). Diagnostic strat-
egies include renal parenchymal imaging with 99mTc-DMSA
to detect scars and VCUG to diagnose and grade the inten-
sity of reflux.

Radionuclide Cystography

Direct radionuclide cystography is a radiologic-VCUG
alternative that delivers a lower radiation burden (30,42,
43). The method is as invasive as VCUG, because both
require bladder catheterization, but is more sensitive than
VCUG because acquisition is continuous during both the
filling and the voiding phases. Reflux is known to be an
intermittent phenomenon that may be missed on VCUG but
visualized on direct radionuclide cystography or vice versa.
Direct radionuclide cystography, like VCUG, provides
information under nonphysiologic conditions, making the
use of indirect radionuclide cystography attractive (30,43,
44). Indirect radionuclide cystography is typically per-
formed after conventional renography with 99mTc-MAG3
or 123I-OIH because of their high extraction rate (30,42,45)
and offers the advantages of allowing the child to be in-
vestigated under physiologic conditions without bladder
catheterization and of delivering a lower radiation burden
than that of VCUG (Fig. 4). The sensitivity and specificity
of indirect radionuclide cystography have been reported
to be less than those of VCUG and of direct radionuclide
cystography but still may be sufficient for follow-up of
VUR. The published guidelines do not recommend the use
of indirect radionuclide cystography in non–toilet-trained
children. In our experience, indirect radionuclide cystogra-
phy is easy to perform in neonates and infants and may add
valuable information to renography without adding to the
radiation dose or requiring an invasive procedure. A well-
hydrated infant will void during most examinations; it is
just a matter of patience. The major disadvantages of both
direct and indirect radionuclide cystography are that they
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do not provide anatomic information or permit grading of
VUR.

Nonradionuclide Imaging

The reference method for the diagnosis and grading of
VUR is VCUG, which also provides anatomic information.
The intensity of reflux is assessed by the universally applied
international grading system (Table 3) (46). Major draw-
backs of VCUG are the radiation dose delivered to the
child, mostly because of the fluoroscopic monitoring, and
the invasiveness of the procedure, which requires bladder
catheterization. Some authors have found reliable results
for VCUG without fluoroscopic monitoring, thus decreas-
ing the total delivered radiation dose by up to 80% (47).
More recently, echo-enhanced voiding urosonography, in-
direct voiding urosonography, and magnetic resonance
voiding cystography have been investigated in children
for the detection of VUR (48–50). These methods offer the
advantage of investigating VUR without radiation. Cyclic
echo-enhanced voiding urosonography requires bladder
catheterization and the use of an echo-enhancing agent.

VUR is revealed by the detection of hyperechogenic
microbubbles in the ureter (grade I), in the renal pelvis
(grade II), and in a dilated renal pelvis (grade III). The
detection rate has been reported to be better for cyclic
voiding urosonography than for a single cycle (48). Indirect
voiding urosonography avoids bladder catheterization and

FIGURE 4. 25-y-old patient with chronic
renal insufficiency due to reflux nephrop-
athy. (A) CT scan shows atrophic left
kidney (arrow) with dilated pelvis. (B)
First-minute parenchymal image shows
small scarred left kidney and also upper
and lower parenchymal defects of right
kidney (differential renal function: left,
31%; right, 69%). (C) Indirect radio-
nuclide cystography shows massive left
VUR. (D) VCUG shows massive left
pyeloureteral reflux. (E) Sagittal sono-
gram shows dilatation of distal left ureter
(arrow).

TABLE 3
Reflux Classification

Grade* Description

I Reflux into ureter, no dilatation

II Level of kidney, no dilatation
III Mild to moderate dilatation, minimal caliceal

blunting

IV Moderate dilatation, loss of angles and fornices,

papillary impression in calices still visible
V Gross dilatation and tortuosity, impressions of

papillae no longer present

*Proposed by the International Reflux Study Committee (46).
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is based on the indirect detection of VUR by measuring the
renal pelvic anteroposterior diameter or the ureter both at
baseline and during voiding. Encouraging results were ob-
served in high-grade VUR, but sensitivity was low in low-
grade reflux (49). Magnetic resonance voiding cystography
requires transurethral catheterization in order for the blad-
der to be filled with a gadolinium solution, and in children,
sedation is required for the acquisition (50). Pre- and
postvoiding sequences are obtained in coronal projections.
Sequences with T2 weighting provide morphologic infor-
mation on the urinary tract and estimate the residual vol-
ume of the bladder, whereas T1-weighted images acquired
during bladder filling and after voiding allow detection of
VUR. This method offers the potential of combining an ana-
tomic and functional evaluation of the renal parenchyma
and urinary tract, potentially including VUR. It has several
limitations that are technical or linked to the necessity of
sedation, the lengthiness of the procedure, and the inability
to demonstrate VUR during voiding. There is not yet
enough evidence that any of these methods can replace
conventional VCUG.

Prenatally Detected VUR

VUR is diagnosed because of persistent postnatal hy-
dronephrosis in 9%–15% of infants with prenatally detected
hydronephrosis by VCUG performed during the first week
of life (18,41). Direct radionuclide cystography may re-
place VCUG in girls because urethral anatomy is not
questioned except in cases of complex malformations
(21). Prenatally detected VUR is more frequent in boys
and is associated with poorly functioning kidneys in
15%230% of infants without a previous history of UTI,
possibly because of developmental anomalies (41). Spon-
taneous resolution is expected to occur during the first 2 y
of life and is more frequent in low-grade reflux. Despite
antibiotic prophylaxis, UTI is observed in 4%–28% of
infants, irrespective of sex or grade of reflux, and is
probably related to bladder dysfunction. Renal parenchy-
mal scarring is a major risk for the long-term complication
of reflux, and some authors have proposed reliance on
DMSA scintigraphy rather than VCUG as the first indicator
for chemoprophylaxis (30). In an editorial, Elder empha-
sized the trauma associated with either VCUG or direct
radionuclide cystography and discussed the possibility of
reducing the number of follow-up studies for these children
and of avoiding unnecessary VCUG when the probability
of VUR is low—that is, after open antireflux surgery or
when the voiding pattern is normal (44). In such situations,
indirect radionuclide cystography may be preferred.

UTI and VUR

In older children, reflux is generally diagnosed after the
first febrile UTI or in cases of recurrent UTIs. The asso-
ciation between VUR and renal scarring is still a matter
of debate, and controversial results have been published.
Some authors found a strong correlation between the grade
of VUR and renal scars; others have found normal late

DMSA findings in up to 84% of VUR kidneys (51,52).
Long-term prognosis is related to hypertension and to renal
parenchymal loss due to scarring. On the basis of their
observation, some authors have proposed that late 99mTc-
DMSA scanning be performed only for children diagnosed
with VUR, because they were found to be at higher risk of
developing renal scars (51). Others proposed relying on the
findings of DMSA performed 3–6 mo after the first febrile
UTI to select those children who may benefit from cysto-
graphy (52). The timing and frequency of follow-up exam-
inations may vary depending on institutional policy.

RVH

RVH, seen in about 3%25% of all patients with hyper-
tension, is caused by renal hypoperfusion with secondary
activation of the renin–angiotensin system and is generally
due to a stenotic or obstructive lesion within the renal
artery. RVH is more frequently observed in a selected
population, affecting up to 15%230% of patients referred
for refractory hypertension (53). Detection of RVH is
important because, with repair of the renal artery lesion,
it is a potentially curable cause of hypertension. However,
not all cases of renal artery stenosis (RAS) are responsible
for RVH, and primary hypertension may coexist with RAS.
Thus, RVH can be diagnosed only retrospectively, once
blood pressure returns to normal levels or if blood pressure
is easier to control after the renal artery obstruction has
been corrected (54).

In most cases (70%290%), RAS is due to atherosclero-
sis progressively affecting the ostium and proximal third of
the main renal artery lumen, as is commonly seen in older
men (54). Complete lumen occlusion of the renal artery is
rare, however. The other 10%230% of cases of RAS are
due to fibromuscular dysplasia (FMD), a noninflammatory
process of unknown origin usually involving the vascular
wall (most often the media) of the distal two thirds of the
renal arteries and predominantly seen in young female
patients (54). FMD has a characteristic ‘‘string-of-beads’’
appearance on renal angiography (Fig. 5C) and a good
outcome after renal artery percutaneous angioplasty (55). In
infants, RVH may also be caused by renal artery thrombosis
after umbilical artery catheterization or coarctation of the
aorta. RVH is a consequence of activation of the renin–
angiotensin system with concomitant release of angiotensin
II (a vasoconstrictor) and aldosterone (leading to plasma
volume expansion) to maintain physiologic renal perfusion
by increasing blood pressure (56). Yet, in the chronic phase
of RVH, pharmacologic blockade of the renin–angiotensin
system has been shown to be less effective and hyperten-
sion may become fixed and persist after relief of the
obstruction. Selecting the hypertensive patient who should
undergo a work-up for RVH is notoriously difficult. Clin-
ical features traditionally associated with RVH are abdom-
inal bruits; a rapid onset of the hypertension, which may
be severe (diastolic blood pressure . 120 mmHg) and
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refractory to optimal pharmacologic treatment; unilateral
renal atrophy; azotemia, especially when worsened by
angiotensin-converting enzyme (ACE) inhibitors or angio-
tensin receptor blockers; and unexplained azotemia or
hypokalemia (due to an aldosterone excess) (54). Episodes
of flash (rapidly progressive) pulmonary edema have been
observed with RVH in patients with relatively well-preserved
systolic function, because of failure of the contralateral
kidney to correct for volume expansion (57). Clinical sus-
picion alone is not sufficiently accurate in selecting patients
for invasive renal angiography, and a noninvasive test is
usually proposed first. Unfortunately, no optimal test exists
that would be noninvasive, simple to perform, quick, reli-
able, sensitive, and specific.
Although renal angiography has been regarded as the

gold standard for revealing the presence of a stenosis, this
risk-carrying invasive procedure provides no information
on the functional significance of the lesion and should be
undertaken only for percutaneous transluminal angioplasty
or for patients in whom suspicion is high (56). Over the
years, many methods have been developed to diagnose renal
artery obstructions, and their relative merits are summa-
rized in Table 4 (58–62). Most comparison studies have
considered a 50% stenosis of the renal artery to be the thresh-

old for hemodynamic significance. There is, however, no
clear evidence for this arbitrarily chosen lumen-narrowing
threshold, and for a stenosis of less than 50%, hemody-
namic abnormalities have been found that may also attain
clinical significance for changes in renal function (63). The
question of whether a lesion is significant in a particular
patient is clinically relevant because of the association with
coronary events and mortality (64).

Captopril-enhanced renography has been standardized,
and criteria for the diagnosis of RVH are well defined
(61,65). The main use of this functional test is to determine
which patients can expect normalization of blood pressure
or improvement of blood pressure control after revascular-
ization (56). The principle is simple: ACE inhibitors reduce
the conversion of angiotensin I to angiotensin II, thereby
diminishing the vasoconstriction of the postglomerular
efferent arteriole and decreasing the GFR, which can be
detected by scintigraphy (Figs. 5–8) (61). Some authors
have tried to use angiotensin II receptor, subtype 1, block-
ade but have found no clear advantage over conventional
ACE inhibition (66). Both glomerulus-filtered (99mTc-
DTPA) and tubule-secreted (99mTc-MAG3 or 123I-OIH)
radiopharmaceuticals are currently used; in azotemic pa-
tients, tubular tracers are preferred over 99mTc-DTPA be-

FIGURE 5. Stenosis related to FMD in
35-y-old man. (A) ACE inhibitor renogra-
phy shows 1-min images of radiotracer
uptake (99mTc-MAG3). Right kidney is
performing 95% of the renal function,
which was decreased (tubular extraction
rate, 160 mL/min/1.73 m2). (B) Time–
activity curves of left (blue) and right
(red) kidneys show almost no participa-
tion of the left kidney to renal function. (C)
Angiogram shows irregular stenosis (ar-
row) and beading (arrowheads). (D) Color
Duplex sonography of peripheral artery of
left kidney demonstrates parvus–tardus
pattern with collapsed resistance index
(0.35). (E) In contrast, right kidney shows
normal Doppler spectrum.
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cause of a more efficient extraction (61). For patients
receiving chronic ACE inhibitors (or angiotensin receptor
blockers by analogy), it is recommended that ACE inhibi-
tion be discontinued 4–7 d before renography (with sub-
stitution by amlodipine or labetalol, if needed), because the
sensitivity of ACE inhibitor renography could be reduced.
It is also preferred that diuretics and calcium channel block-
ers be discontinued. Administration of furosemide during
renography (F10), leading to forced diuresis and increased
washout of the radiopharmaceutical from the distal neph-
ron, renal calices, and pelvis, may facilitate detection of
renal parenchymal retention and possibly improve accuracy,
particularly with tubular agents such as 99mTc-MAG3 or
123I-OIH. Commonly used ACE inhibitors are captopril
(25250 mg) taken orally about 60 min before renography
or enalaprilat (40 mg/kg; maximum, 2.5 mg) administered

intravenously over 325 min more than 15 min before the
beginning of renography—the latter being associated with a
higher risk of hypotension (61). At our center, we monitor
blood pressure and heart rate for 30 min after enalaprilat
infusion and before giving furosemide and have had to
report only a few episodes of mild hypotension in more
than 15 y. Known pitfalls leading to erroneous results are
food ingestion within 4 h before receiving captopril, infil-
tration, dehydration, hypotension, or a full bladder impairing
drainage (61). Association with baseline findings increases
specificity, and baseline testing should be performed in
patients with reduced renal function, known asymmetry, or
a single kidney (Fig. 8).

Clinical practice has been shifting, and ACE inhibitor
enhanced renography now is rarely used as the primary
imaging tool but, rather, is used after abnormal results in

TABLE 4
Methods for Detection of Renal Artery Obstructions

Method Strength Limitation

Doppler sonography

(6captopril

enhancement) (58)

Is reasonably expensive and widely available Is operator dependent (more reliable in centers

with dedicated radiologists)

Measures renal length Has high rate of unsuccessful studies (10%–20%
due to obesity or bowel gas)

Can monitor recurrent stenosis after corrective

therapy

Is less useful than MRI or CT angiography for

diagnosing abnormalities in FMD or accessory

renal arteries
Is effective in classifying patients as responders

or nonresponders to therapy (renal resistance

index $ 80%)

MRA (59) Does not expose patient to ionizing radiation or
nephrotoxic contrast agents

Poorly reveals distal segments and small
accessory renal arteries

Is useful in patients with renal failure Is affected by respiratory artifacts, intestinal

peristalsis, stents, or claustrophobia in the
patient

Has high negative predictive value (98%) Is costly and of limited availability

Seems best diagnostic tool for atherosclerotic

RAS

Has low positive predictive value even in

selected population
MRI (6captopril

enhancement) (60)

Does not expose patient to ionizing radiation Has same advantages as MRA

May allow identification of responders to

percutaneous renal angioplasty

CT angiography (59) Has higher spatial resolution than that of MRA Uses nephrotoxic contrast agent and high
radiation dose

Shows calcium content of atherosclerotic lesions

before treatment

Poorly reveals distal segments and small

accessory renal arteries
Does not have artifacts caused by stents

CT (58) Measures cortical thickness and renal length,

which are decreased in unilateral RAS

Uses nephrotoxic contrast agent and high

radiation dose

Is not yet fully developed
Captopril-enhanced

renography (61)

Is reasonably expensive; safe Is less accurate in cases of renal function impairment,

bilateral stenosis, or unilateral stenosis in a patient

with only 1 kidney

Identifies patients whose blood pressure will
improve after RAS correction

Excludes RVH if findings are normal

Renal angiography (62) Is most accurate test for anatomic RAS (gold

standard)

Uses nephrotoxic contrast agent and high

radiation dose
Allows use of less contrast agent with digital

subtraction angiography

Can be affected by interobserver variability
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favor of an RAS have been found on magnetic resonance
angiography (MRA) or CT angiography or sonography
(67). In fact, ACE inhibitor renography is most reliable in
predicting recovery in patients with FMD, who are likely to
respond to revascularization. In these patients, renography
by assessing the function of the affected kidney may
contribute to the decision on therapeutic management,
revascularization, or medical treatment. Revascularization

of a stenosed renal artery will not change the fate of a
nonfunctioning or very poorly functioning kidney (Figs. 5
and 6).

Considerable debate exists over the relative accuracy of
the various imaging tools in diagnosing RAS. In a large
meta-analysis of 55 studies conducted from 1990 to 2000,
Vasbinder et al. showed that CTangiography and gadolinium-
enhanced MRA seemed to work better than sonography and
ACE inhibitor renography (68). These results are subject to
the limitations recognized by the authors regarding a pos-
sible underestimation by functional tests such as captopril
renography because of the use of an anatomic gold standard
(intraarterial angiography) and differences in analytic
method (on a per-individual-artery basis for CT and MRA
vs. a per-patient basis for renal scintigraphy). Moreover, be-
cause these studies did not use the latest multidetector CT
and MRI improvements, the superiority of one technique
over the other remains unresolved and a matter of ongoing
debate.

Integrating the current strengths and limitations of each
modality, a typical diagnostic work-up for RVH would start
with a radiologic technique. Depending on local expertise
and availability, this technique could be Doppler sonogra-
phy, CT angiography (better availability and spatial reso-
lution than MRA), or MRA (especially in patients with
intolerance to iodinated contrast agents). If the results of
initial investigations are negative, RAS can reasonably be
excluded. If initial findings are positive, ACE inhibitor
renography can be performed, followed by renal angiogra-
phy and treatment (Fig. 7). If FMD is suspected on the basis
of clinical features, Doppler sonography or ACE inhibitor
renography can be recommended as the initial test, given
the known limitations of CT and MRA for distal renal
angiography. For a patient who was previously treated for
RAS and in whom recurrent stenosis is suspected, it would
be acceptable to proceed directly to renal angiography with
the aim of revascularization (67). Although the use of
captopril-enhanced tests is decreasing, it would still be
useful to select patients with bilateral RAS or a single
functioning kidney who could benefit from treatment with
ACE inhibitors or angiotensin receptor blockers without a
risk of precipitating renal insufficiency. Additionally, ACE
inhibitor renography may identify other causes mimicking
RAS, such as pyelonephritis, malignant hypertension (acute
tubular necrosis pattern on renography), renal artery em-
bolism, renal vein thrombosis, or renal insufficiency. If
ACE inhibitor renography shows normal findings in pa-
tients with normal renal function, RVH can reasonably be
excluded and no baseline study needs to be performed; if
baseline GFR is severely diminished (for example, in a
patient with nonfunctioning kidneys), ACE inhibitor renog-
raphy is not contributive and does not need to be performed
(Figs. 5 and 6).

Treatment of RVH is divided among drug therapy,
percutaneous transluminal renal angioplasty, and surgical inter-
vention (54). Despite the absence of randomized controlled

FIGURE 6. RAS in 63-y-old man with chronic renal insuffi-
ciency (creatinine clearance, 40 mL/min) and subrenal aortic
inflammatory aneurysm with right renal hydronephrosis due to
ureter compression. (A) On ACE inhibitor renography with 123I-
OIH, images obtained at 1, 6, 11, and 16 min (from left to right)
after injection show poor function of right kidney, assuming only
10% of total renal function. (B) Time–activity renal curves were
identical to baseline (not shown). (C) Coronal 3-dimensional MRA
image demonstrates short stenosis on right renal artery (arrow).
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studies on treatment outcome, there is evidence none-
theless that stent placement for atherosclerotic RAS—a
safe procedure significantly preventing restenosis—has a
positive impact on blood pressure, renal function, and left
ventricular hypertrophy, especially if RAS is bilateral in
patients without chronic renal insufficiency or if optimal
medical therapy cannot adequately control the blood pres-
sure (53–55). Several trials are currently under way to
compare benefits in terms of renal function and survival of
the different treatment modalities, be they surgical, endo-
vascular stent based (with or without drug elution), or
conservative (ACE inhibitors or angiotensin receptor
blockers) (54). Functional testing for RVH seems to better
predict therapeutic outcome than does renal angiography
(69).
In the future, methods such as MRI perfusion mea-

surements (magnetic resonance renography) may offer
comprehensive assessment of renovascular and renoparen-
chymal diseases (70). Furthermore, studies comparing di-

agnostic modalities for RVH should use the normalization
of blood pressure or GFR in patients with abnormal renal
function after successful revascularization as study end-
points rather than the ability to assess the angiographic
degree of renal artery obstruction. At this point, functional
assessment of RVH with methods such as ACE inhibitor
renography may have an incremental predictive value over
anatomic detection of renal artery obstruction in selected
patients at increased risk. The true potential of ACE
inhibitors among other contemporary imaging modalities
would need to be revealed by a well-designed prospective
study.

RENAL TRANSPLANTATION

The role of radionuclide renography has changed in
recent years because of improvements in other functional
imaging techniques, namely Doppler sonography, MRI,
and multislice CT. However, the recommendations of the

FIGURE 7. RAS due to atherosclerosis in 75-y-old woman. Baseline renography with 123I-OIH (A) and ACE inhibitor renography
(B) show delayed renal parenchymal uptake in right kidney, as compared with baseline (images taken at 1, 6, 11, and 16 min [from
left to right] after injection). (C) Angiogram shows narrow stenosis at ostium of right renal artery (arrow). (D) Angiogram performed
after angioplasty demonstrates successful dilatation of vessel (arrow). (E) Coronal 3-dimensional CT shows regular-sized reshaped
vessel, with presence of stent (arrow). ACEI 5 ACE inhibitor.
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Radionuclides in Nephrourology Committee for the evalu-
ation of transplanted kidneys with radioactive tracers are
still valid (71). The most important change in diagnostic
management since 1999, when that paper was published,
has been the much more extensive use of renal biopsies in
cases of unclear graft dysfunction (72).
Any recognized method that includes a flow study,

sequential images of the kidneys and urinary tract, prevoid-
ing, postvoiding, and, if appropriate, bladder images; time–
activity curves, and quantitative data on perfusion, function,
and tracer transit can be used (Fig. 9). For flow studies, it is

important to perform a good bolus injection of 99mTc-
labeled MAG3, DTPA, or 123I-OIH. Quantitative perfusion
indices refine the analysis, but visual interpretation of fast
images (1-s frames) and time–activity curves may be
sufficient in the clinical situation, especially if Doppler
flow data are available. It is, however, mandatory to
quantify renal function either by concomitant measure of
plasma clearance—effective renal plasma flow, GFR, or
tubular extraction rate—or by quantitative analysis of the
renogram. Several methods have been validated and can be
used. Each center should locally validate the method

FIGURE 8. Graft dysfunction 1 d after transplantation in 41-y-old woman. Baseline renography (A) and ACE inhibitor renography
(B) show prolonged tracer transit in renal parenchyma on images and on renal and bladder curves, as compared with baseline. (C)
Color duplex sonographic assessment of intrarenal vessels shows parvus–tardus pattern. (D) Color duplex sonographic exploration
of renal artery demonstrates disturbance of flow. (E) Coronal 3-dimensional MRA image shows short narrowing of renal artery
(arrow) at site of anastomosis. Laparotomy revealed kinking of renal artery graft. ACEI 5 ACE inhibitor.
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chosen and perform strict quality controls on measurement
of activity in the syringe before and after injection, detec-
tion of tissue infiltration during injection, bolus quality, renal
depth, and data processing and should document the results.
In patients with very reduced function and oligoanuria,
99mTc-MAG3 should be used with caution for the diagnosis
of potential urinary complications, because bowel activity
can obscure urinary stasis or leakage on late images. We
recommend measuring urinary output during studies with

pharmacologic intervention (diuretic challenge or angiotensin-
converting enzyme inhibition). For diuretic challenge, we
most often use the F10 method, by injecting, unless
clinically contraindicated, 20240 mg of furosemide imme-
diately after the tracer (4). Measuring urinary output
quantifies the diuretic effect, which can then be considered
when interpreting the renogram. In cases of ACE inhibition,
diminished diuresis is a subtle sign of decreased glomerular
perfusion pressure under angiotensin II blockade. To ensure
that the diminished diuresis is of renal and not urinary
origin, we include furosemide administration in our ACE
inhibitor protocol. To standardize as many parameters as
possible, we perform the challenge with intravenous ad-
ministration of enalaprilat and hydrate the patients intra-
venously. Such a protocol requires strict monitoring of
hemodynamic and clinical parameters before, during, and
after the study. The interpretation of renograms in patients
under ACE inhibition is identical to that in patients with
native kidneys (61).

The main indications for performing g-camera–based
radionuclide renography in patients with renal allografts
are indicated in Table 5. Delayed graft function affects
5%210% of recipients regardless of procurement tech-
nique. The main risk factors are higher recipient and donor
age, prolonged cold ischemia, and mismatched donors
(73,74). Besides acute tubular necrosis in cadaver trans-
plants, the most important reasons for delayed graft func-
tion are acute rejection and vascular or urologic
complications. Delayed function is significantly associated
with reduced GFR and higher blood pressure at 1 y after
transplantation and, furthermore, is associated with an
increased incidence of acute rejection and reduced graft
survival (74). It is thus important to quickly recognize the
reason for the delay and initiate appropriate treatment. If
acute tubular necrosis is quite characteristic, with con-
served perfusion and delayed urinary output with cortical
tracer retention, it may be impossible to distinguish neph-
rotoxicity due to calcineurin or other drugs from that due to
rejection or RAS.

Sonography is the method of choice for first-line eval-
uation of renal graft dysfunction. Widely available, even for
bedside examinations, sonography has the potential to
distinguish surgical from medical complications. Surgical
complications include RAS or renal artery thrombosis,
renal vein thrombosis, fluid collections, and urinary ob-
struction. Renal artery or vein thrombosis is an urgent
indication for thrombectomy, but graft loss is nevertheless
frequent (75). Medical complications are related to paren-
chymal anomalies, such as acute rejection, acute tubular
necrosis, or drug toxicity. These anomalies elevate the
intrarenal resistance index ([peak systolic frequency shift –
end diastolic frequency shift]/peak systolic frequency shift)
measured with Doppler sonography, but this elevation
remains unspecific. If performed, renography must be
available on an emergency basis. Nonvisualization of the
graft is an important sign of irremediable loss of function.

FIGURE 9. Normal camera-based renography findings 5 d
after transplantation of related-donor kidney: the first two 10-s
perfusion images (left and middle) and the 1-min parenchymal
image (right; upper pole irregularity is due to graft position) (A);
whole kidney (red), cortical kidney (blue), and bladder curves
(B); and sequential 1-min images (C). Somewhat prolonged
visualization of ureter is due to postoperative hypotony,
frequently observed during first days after transplantation.
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Rejection or ischemia due to RAS may sometimes not
easily be distinguished by renography. In unclear cases,
renal biopsy is the method of choice to diagnose rejection.
The use of sonographic guidance for such procedures
allows safe placement of the biopsy needle. Transplant
RAS has been reported to occur in 1%223% of renal
allografts and significantly affects long-term graft outcome.
Predisposing factors include cytomegalovirus infection,
initial delayed graft function, acute rejection, atheroscle-
rotic changes, and prolonged cold ischemia (76). RAS may
be diagnosed noninvasively by Doppler sonography, MRI,
or multidetector CT, which provides high-resolution images
of the kidneys, vessels, and urinary tract but requires ade-
quate renal function to allow injection of contrast medium.
Renography under ACE inhibition (61) helps determine
whether arterial hypertension is dependent on the renin–
angiotensin system and thus contributes to the manage-
ment, conservative or invasive, of RAS detected by other
imaging methods (Fig. 8). Besides radionuclide renogra-
phy, MRI can also be used to quantitatively assess renal
function (77), but this use is not yet widespread in everyday
practice.
Urinary complications occur in 2.5%214.1% of recipi-

ents (78). Radionuclide renography has an important role to
play in the diagnosis of such a complication, be it an

obstruction or a leak (Fig. 10). Early after transplantation,
especially if such a complication occurs, urinary output
may be low and the urinary volume retained or leaked will
consequently be small. The high activity per unit volume of
urine allows the detection of obstruction and leaks with
high sensitivity and specificity, even when kidney function
is reduced (79).

Cyclosporine A has been the basis of immunosuppressive
therapy for the last 20 y. Because of side effects such as an
increased incidence of hypertension, nephrotoxicity, neu-
rotoxicity, hyperlipidemia, and hirsutism, cyclosporine A
therapy tends now to be replaced by tacrolimus-based
protocols (80). A recent comparative study between pa-
tients treated with newer preparations of cyclosporine A or
tacrolimus did not show, except for blood pressure, a
significantly poorer outcome for the cyclosporine A group
over the long term (81). Diagnosis of calcineurin inhibitor
toxicity may be difficult and is often made by exclusion of
other causes of graft function impairment, especially since
several concomitant pathologic states often are present.
Cyclosporine A seems to induce a renal vasomotor effect:
probably a constriction of the afferent arteriole of the
glomerulus that reduces renal perfusion and consequently
renal function. Radionuclide renography and sonography,
including Doppler flow studies, often cannot accurately
distinguish perfusion impairment due to calcineurin inhib-
itor renal toxicity from that due to early-stage acute
rejection. By integrating all available information (clinical
presentation, color Doppler sonography, perfusion, transit
times, presence or absence of outflow impairment on renog-
raphy, dosage of immunosuppressive drugs), one may build
a probability diagnosis (Fig. 11). Attempts have been made
to diagnose rejection specifically by measuring increased

TABLE 5
Indications for Renography in Transplantation

Period Indication

Shortly after

surgery

Delayed graft function

Acute tubular necrosis in cadaver

kidney
Acute rejection

Vascular complications

Urinary complications

Drug toxicity
Change of graft function improvement

Acute rejection

Vascular complications

Urinary complications
Drug toxicity

Abdominal pain not explained by

sonographic examination
Acute rejection

Vascular complications

Urinary complications

Nonrenal complications
Longer after

surgery

Unexplained decrease of graft function

Chronic allograft nephropathy

Drug toxicity

RAS
UTI/functional impairment

Hypertension

Uropathy
Obstruction

VUR

Postvoiding residue

FIGURE 10. One-minute images after injection of 99mTc-
MAG3. Images were obtained 6 d after transplantation because
of sudden anuria and abdominal pain. Starting with third image,
irregularly shaped urinary collection suggestive of urinary leak
appears (arrow). Reintervention revealed necrosis of distal
ureter and confirmed urinary leak. After resection and rean-
astomosis of ureter, course was uneventful.
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uptake of 99mTc-labeled OKT3, an antibody directed
against the CD3 antigen on T cells and used as an immu-
noregulation agent to prevent graft rejection (82). This
method, as well as imaging with labeled platelets (83), has
so far not been widely accepted in the management of
transplant patients. A biopsy showing thrombotic microan-
giopathy in the early stage of calcineurin inhibitor toxicity
or widespread interstitial fibrosis after chronic exposure
(72,80) may be the only means to assess the diagnosis and
to take the proper therapeutic steps.
Chronic allograft nephropathy leading to progressive

decline of renal function and, finally, graft loss is probably
is not due to a single specific cause but has several known
risk factors related to the donor, the recipient, the trans-
plant, and comorbid conditions (84). Except at the end
stage, renographic curves usually show quite preserved
transit times but decreased amplitude due to decreased
function. Thus, renography is usually not performed to
determine the reason for a progressive loss of function but
to monitor function and, especially, to detect a potentially
treatable cause of a sudden rise in serum creatinine, such as

urinary tract abnormalities or obstruction, VUR with or
without UTI (85), or RAS.

CONCLUSION

The role of nuclear medicine procedures is well recog-
nized in the investigation of both renal parenchymal func-
tion and upper urinary tract abnormalities. The radiation
burden is low, and the procedures do not require sedation or
special patient preparation and are easy to perform. Knowl-
edge of renal pathophysiology and recognition of the lim-
itations and technical pitfalls are essential to provide the
clinician with valuable data on the perfusion and function
of individual kidneys and on urinary tract dynamics. As
long as the role of scintigraphy is well understood and
clearly defined among the other available methods of
evaluating urinary tract anomalies, radionuclide studies of
the kidneys and urinary tract will continue to supply unique
information that is important for patient management and
care in nephrourology.
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