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CHAPTER 36 

Radionuclides Diagnostic Techniques
Pierluigi Zanco, Marta Zaroccolo, and Samuele Ave

OBJECTIVES
This chapter will:
1. Introduce the principles of nuclear medicine.
2. Discuss the role of radionuclides techniques in renal 

evaluation.
3. Review the radionuclide scan features of selected conditions 

manifesting with acute renal failure.
4. Review the role of nuclear medicine in the evaluation of 

cardiac diseases and inflammation, with respect to renal 
involvement.

PRINCIPLES OF NUCLEAR MEDICINE

Nuclear medicine is a medical specialty that applies artificial 
radionuclides in a nonsealed state for diagnostic, therapeutic, 
and biomedical research. Radionuclides are linked to many 
chemical substances (radiopharmaceuticals) that, after 
administration, become part of the metabolic processes in 
a way similar to physiologic metabolic pathways. In clinical 
practice at least 30 different radiopharmaceuticals, labeled 
with at least 10 different radioisotopes, are commonly used, 
each suitable to explore a different function or metabolic 
pathway.1

Radiopharmaceuticals are administered in amounts 
corresponding to micrograms or nanograms. Therefore risk 
for allergic reaction or intolerance to radiopharmaceuticals 
is virtually absent, even in those subjects reporting previous 
allergic reactions to radiographic contrast media or severe 
renal failure.

Radiopharmaceuticals usually are delivered to the 
patients by intravenous injection or sometimes orally, and 
they distribute within the body following metabolic and 
functional paths peculiar for the different tissues and organs. 
The nuclear images therefore reflect the functional activity 
rather than the anatomy of the organs, and the nuclear scan 
(called “scintigraphy”) is able to reveal the organ functional 
impairment before there is recognizable anatomic damage.

The gamma camera or modern hybrid scanner (single-
photon emission tomography – computed tomography 
[SPET-CT] scanner) is employed to obtain images when 
using γ-emitter radiopharmaceuticals (e.g., 99mTc-compounds), 
whereas the hybrid positron-emission tomography (PET-CT) 
scanner is used for positron emitter radiopharmaceuticals 
(e.g., 18F-compounds).2–3

Usually diagnostic nuclear medicine procedures require 
no special preparation. Only in a few cases fasting is required 
(e.g., 18F-fluorodeoxyglucose [FDG] PET-CT imaging in 
oncology) or a short therapy withdrawal could be necessary 
in selected cases. Nuclear medicine procedures are safe, 
no invasive procedure is applied, and the radiation doses 
are usually so low that, if necessary, the studies can be 
repeated in the follow-up, without significant risks even 
in childhood.4

Finally, nuclear medicine is not only a diagnostic tool. 
Targeted radionuclide therapy is one of the most strongly 
developing fields in nuclear medicine. The aim is the 
selective destruction of the cancer cells by using radio-
pharmaceuticals labeled with high-energy α-emitters or 
β-emitters (these types of radiation have the greatest relative 
biologic effect), while avoiding damage to healthy cells. 
The potential of targeted radionuclide therapy has markedly 
grown; nuclear treatments against thyroid cancer, bone 
metastases of prostate cancer, and lymphoma currently are 
employed.5–7
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(2%–10%).11 Planar imaging with DMSA is possible after 2 
to 4 hours, whereas in patients with reduced renal function 
more delayed images can be considered.12 The urinary tract 
outflow is not evaluated.

Static cortical scintigraphy allows assessment of position 
and morphology of the native or transplanted kidneys as 
well as parenchymal morphology, configuration, and dif-
ferential (relative) renal function (Fig. 36.1, left). It is the 
study of choice to estimate relative function and focal 
cortical loss or to detect regional or diffuse parenchymal 
impairment (Fig. 36.1, right). DMSA scintigraphy is 
employed primarily in the pediatric population to support 
acute pyelonephritis and hematogenic nephritis diagnoses 
and in the management of their late sequelae.13 Pathologic 
entities such edema, ischemia, and infarcts also can be 
detected with high sensitivity. A DMSA scan is useful to 
confirm renal agenesis or multicystic kidney disease, ectopic, 
duplex, or horseshoe kidney, and in the assessment of the 
functioning cortical tissue in renal hypoplasia/dysplasia.14

The normal differential renal uptake is between 45% to 
55%. Severe renal impairment results in high extra renal 
background activity, especially noted in the liver.

In older children and adults, SPET or SPET/low-dose 
CT studies can be performed to obtain superior resolution 
and better localization of the lesions (Fig. 36.2).

In a DMSA scintigraphy the contours of normal kidneys 
are generally regular and round. No uptake in the medulla 
or in the pyelocalyceal system is present. However, a variable 
shape of the renal contours also can be seen in normal 
kidneys as a result of fetal lobulation, pear-shaped kidney, 
different axis orientations, and splenic impression or external 
attenuation.10

Acute pyelonephritis appears most often as a multifocal 
or single area of decreased uptake in the renal cortex without 
volume loss. A diffuse or patchy decrease in DMSA renal 
uptake with kidney enlargement is less common and may 
be related to hematogenic nephritis. DMSA scintigraphy 
in acute settings should be done during the infection or 
within 2 weeks from the injury. If the DMSA in acute setting 
is normal, there is no risk of renal scarring. A sharp seg-
mental defect on DMSA imaging may be referred to renal 
infarction; on the contrary, simple cysts generally are 
surrounded by a thin rim of parenchyma or appear more 
rounded on parenchymal edge than scars.11

RADIONUCLIDES TECHNIQUES IN  
RENAL EVALUATION

Renal scintigraphy provides a unique tool for noninvasive 
functional and anatomic evaluation of renal pathophysiology. 
Depending on their kinetics, rapid excreted radiotracers 
and parenchyma-retained radiopharmaceuticals may be 
valuable in a variety of specific settings in the workup of 
acutely ill patients with native or transplant kidneys.8–9

Renal colic, acute pyelonephritis, and acute or chronic 
renal graft dysfunction are common clinical entities and 
may lead to acute renal failure. Acute tubular necrosis, 
cortical necrosis, hepatorenale syndrome, acute interstitial 
nephritis, renal artery embolism, urine leaks, nephrotoxicity, 
and transplant rejection may be recognized and managed 
by renal nuclear imaging.

Dynamic agents as 99mTc-mercaptoacetyltriglycine (MAG3) 
and 99mTc-diethylenetriaminepentaacetic acid (DTPA) evalu-
ate renal perfusion, physiologic cortical activity, total and 
split cortical function, and drainage through the urinary tract.

Static agents such as 99mTc-dimercaptosuccinic acid 
(DMSA), because of their high cortical retention and minimal 
excretion, best evaluate renal parenchyma and split renal 
function and identify large and small nonfunctioning or 
dysfunctioning areas as a result of edema, scars, cysts, 
infarcts, or ischemia.

Renal radiopharmaceuticals are well tolerated in the 
pediatric and in the adult populations and in those affected 
by allergic diathesis.10 They allow relevant information in 
the acute renal failure setting and sequential exams over 
time are thoroughly feasible, with a low ionizing radiation 
burden and, unlike common radiologic contrast media, do 
not present any nephrotoxicity at all.

Static Renal Scintigraphy
For this study, DMSA is used as the radiopharmaceutical. Its 
cortical accumulation occurs only in functioning proximal 
tubule cells. After injection, DMSA is 90% protein bound 
and significantly accumulates in tubules, with 40% to 65% 
of the administered dose present in the cortex 2 hours 
after injection with minimal and slow urinary excretion 

FIGURE 36.1 
99mTc-dimercaptosuccinic acid (DMSA) renal scan. Left, Normal DMSA renal cortical scan of a 14-month-old infant. The 

posterior image shows regular and round cortical uptake bilaterally with some degree of heterogeneity because of prominent cortical 
columns uptake and no tracer uptake in the medulla and in the pyelocalyceal system. Fetal lobulations appear in right kidney as an 
irregularity in the upper pole contour and inferior-lateral border with normal cortical thickness. Right, Unifocal acute pyelonephritis 
in a 5-year-old child. The posterior image demonstrates a wedge-shaped area of decreased DMSA uptake in the upper third of the kidney 
(arrow) without volume loss. 
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is very low. On the contrary, differential function is more 
reliable with DTPA but becomes less helpful when both 
kidneys are abnormal.

MAG3 is mainly a tubular agent. As hippurates, MAG3 
undergoes proximal tubular excretion into the lumen of 
tubules. Its high overall extraction fraction (approximately 
60%: 2%–5% is filtered and 55%–57% is excreted) gives it 
a renal plasma clearance of approximately 300 mL/min.11 
The clearance rate of MAG3, not as high as that of the 
hippurates but much higher than DTPA, is an independent 
measure of ERPF. The estimate of the split renal function 
is calculated using data acquired between the first and 
the second minute. MAG3 fast kinetics allows dynamic 
imaging with early optimal kidney-to-background activity 
and contrasted cortical visualization. For its better image 
quality, MAG3 generally is preferred in cases of impaired 
renal function or in severe acute renal failure. It is also 
the tracer of choice for transplanted kidney evaluation, 
diuretic renography, and in infants up to 6 months  
of age.16–17

Use of DTPA or MAG3 dynamic renography requires a 
well-hydrated patient (500 mL oral or 7–10 mL/kg over 
30–60 min IV), considering that renal function may be 
affected by the state of hydration. The patient should void 
immediately before injection of the radiopharmaceutical 
because full bladder back pressure could influence drainage. 
Patients with known or with strongly suspected vesicoure-
teral reflux, bladder outlet obstruction, or neurogenic bladder 
should be considered for bladder catheterization.16–17

Assessment of permanent damage, irreversible functional 
impairment, and scarring is the most employed indication 
of DMSA renal scintigraphy. They can be evaluated by 
DMSA at least 4 to 6 months after acute illness, when 
DMSA can clarify whether there is a permanent renal scar 
or not.12 Renal scar usually is imaged as a focal cortical 
defect with more defined edges and volume loss.

Dynamic Radionuclide Renography
DTPA, like inulin, is freely filtered at the glomerulus. It 
allows dynamic renal imaging and estimates glomerular 
filtration rate (GFR). The renal extraction fraction of DTPA 
is about 20%, and only a negligible fraction of DTPA may 
be bound to serum protein and does not penetrate red cells. 
The estimate of the split renal function is calculated using 
data acquired between the second and the third minute. It 
is the tracer of choice to estimate total GFR with more 
accuracy and precision than traditional biochemical methods 
and to measure differential GFR. Absolute GFR quantification 
employs both blood sample methods and is a highly 
reproducible technique but is seldom used because of its 
technical complexity. GFR quantification from imaging 
methods without blood sampling is more variable than 
blood sampling methods by about 20%.11,15 Moreover, GFR 
diminishes more rapidly than effective renal plasma flow 
(ERPF) in cases of compromised renal function and DTPA 
imaging, and DTPA clearance may be limiting when function 

FIGURE 36.2 
99mTc-dimercaptosuccinic acid (DMSA) single-photon emission tomography/computed tomography (SPET-CT) in a 64-year-old 

woman with right kidney infarction. Top left, CT transaxial slice of the mid right kidney. Top right, SPET transaxial slice of the mid 
right kidney. Bottom right, 3D rendering. Left bottom, SPET-CT fused image shows a large area of absent DMSA uptake (infarction) in 
the mid and anterior aspects of the left kidney and a small area (arrow) of preserved DMSA uptake. Left kidney is normal. 
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administration. In chronic obstruction, the renograms 
become gradually slow to peak and slow to fall. Acute 
complete obstruction is a rare clinical scenario; it yields 
findings that resemble ATN. Until renal blood flow is 
maintained, a continuous accumulation of tracer in renal 
parenchyma occurs and no or faint visualization of intrarenal 
or extrarenal drainage system is noted. A distended bladder 
on postvoid images could suggest bladder outlet obstruction 
or a neurogenic bladder. To confirm the impact on the 
kidneys of bladder outlet obstruction or of a neurogenic 
bladder, it may be necessary to repeat the exam with a 
bladder catheter.16–18

Chronic unilateral renal failure generally is associated 
with diminished perfusion and uptake in a small and 
frequently scarred kidney. In this case, the renogram becomes 
flatter over time as the kidney undergoes atrophy. Sym-
metrically flattened renograms also are noted in chronic 
renal impairment and diseases with loss of tubular integrity 
or glomerular functions that affect both kidneys.

Transplanted Kidney Evaluation
Dynamic radionuclide renography is used routinely to 
evaluate the effectiveness of the transplant surgery and in 
the diagnosis of early and late posttransplantation complica-
tions. The radiopharmaceutical of choice is MAG3. In 
transplant kidney evaluation the gamma camera has to be 
positioned anteriorly over the graft and initial positive 
transplant outcome depends on adequate blood flow 
evaluation.

“Normal” scan of the transplanted kidney, mainly from 
live donors, usually demonstrates normal flow, uptake, and 
transit time. Usually a baseline scan is performed in the 
first 24 to 72 hours posttransplantation. Follow-up studies 
can be performed whenever surgical or medical complication 
is suspected.

ATN occurs predominantly in transplanted kidneys from 
deceased donors and usually shows relatively normal 
perfusion and marked cortical retention of MAG3 increasing 
over time with minimal or no activity in the renal collecting 
system. It results in a continuously rising renogram and 
persistent parenchymal image also in the delayed phases 
(Fig. 36.3).9 This is in contrast to allograft rejection, in 
which perfusion and function decrease in parallel or to 
cortical necrosis that results in absent blood flow and cortical 
uptake. However, a clear distinction between ATN and 
rejection remains elusive, depending on the severity or 
stage of acute allograft dysfunction, the association with 
poor perfusion, and the possibility of coexistence of both 
factors.9

ATN is characterized by a reciprocal pattern of GFR 
maintained at higher level in the face of diminished ERPF. 
A DTPA renography in course of ATN then will visualize 
after a vascular peak, a descending renogram curve without 
a cortical peak activity. In fact, in ATN no second phase 
is seen because the filtered DTPA diffuses back across the 
damaged tubular epithelium.

Acute or more frequently chronic obstruction in renal 
transplant is a diagnostic element because most transplants 
participate in some degree of underlying chronic parenchymal 
dysfunction.9–11 Moreover, the transplanted kidney may 
respond poorly to diuresis and may be incapable of producing 
the rapid postfurosemide diuretic response required.

The first sign of chronic renal allograft nephropathy is 
impaired blood flow with relatively spared function. In 
chronic rejection there is poor perfusion, tubular dysfunction 
with delayed uptake of MAG3, and persistent parenchymal 

After MAG3 or DTPA intravenous (IV) injection, a 
posterior acquisition shows flow of the radiotracer in the 
aorta and in the kidneys. In normal patients, renal activity 
during the angiographic phase is not lesser than spleen 
activity. The second phase is characterized by prompt uptake 
/filtration of the tracer in the renal parenchyma. Uptake in 
the kidney during the cortical phase (i.e., between 1 and 
3 minutes after radiotracer injection) is proportional to its 
function, using either tubular or glomerular agents. After 
3 minutes renal activity becomes influenced by the rate at 
which the tracer leaves the kidney. The third phase involves 
cortical drainage and begins by third to fifth minute postin-
jection, when activity can be seen in the collecting systems, 
ureters, and bladder. In normal conditions, visualization 
of the drainage system is transient. Over time the cortex 
and the drainage system continue to empty. A postvoiding 
and postorthostatism image is performed routinely to 
evaluate gravity effects in drainage from collecting systems. 
Associated diuretic test using IV furosemide is mandatory 
in the suspect of a urinary tract obstruction.18–19

A region of interest (ROI) over each kidney generates a 
time-activity curve called a renogram. Normal renograms 
have a vascular peak (phase 1) followed by an extraction 
peak (phase 2). The third phase of a renogram is the 
downward slope that normally starts at 3 to 5 minutes. 
Differential renal function based on DTPA or MAG3 generally 
is measured from the relative background-corrected gradient 
of phase 2. Normal renograms are steep with early peaking 
and down sloping, with minor differences noted between 
MAG3 and DTPA.

Dynamic Radionuclide Renography in  
Acute Renal Failure
In acute renal failure a dynamic scan usually reveals impaired 
or delayed cortical uptake.8 Prerenal failure and renal failure 
often show severely impaired renal blood flow and peak 
uptake with delayed renogram resulting from diminished 
radiotracer delivery and clearance.11 Cortical clearance is 
proportionally impaired in acute renal failure using DTPA 
and MAG3. Good concentration in the second phase of 
renography suggests a chance for recovery. Furthermore, a 
more or less prominent parenchymal retention of MAG3 or 
DTPA at the end of the exam generally is related to cortical 
dysfunction, especially when seen bilaterally. Above all, 
cortical retention may be very prominent with MAG3 in 
acute tubular necrosis (ATN), a condition in which flow is 
relatively preserved with respect to function.

Acute vascular occlusion, as in renal arterial embolism, 
for example, results in lack of or in diffuse severe impairment 
of flow and function to the involved kidney. Renal vein 
thrombosis often shows an asymmetrically enlarged “hot” 
kidney, with the exception of renal vein thrombosis in 
renal transplant, in which a lack of draining collaterals 
leads to absent perfusion and function.11

Obstructive causes of acute renal failure lead to prolonged 
parenchymal transit time and collecting system tracer 
retention with poor clearance, even after diuretic administra-
tion.8,18,19 Prolonged parenchymal transit time of the 
radiopharmaceutical is present not only in acute renal failure 
resulting from outflow tract obstruction (in which it is 
frequently unilateral or at least asymmetric in severity) but 
also bilaterally and symmetrically in parenchymal renal 
injury or disease characterized by loss of tubular integrity. 
On the contrary, dehydration prolongs total kidney transit 
time but has little effect on parenchymal transit time and 
results in symmetrically rising renograms until furosemide 
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In the last decade noninvasive cardiac imaging and in 
particular myocardial perfusion scintigraphy (MPS) has 
become central to the diagnosis and management of patients 
with known or suspected chronic and acute coronary artery 
disease.21 After the IV injection of a specific radiopharma-
ceutical (99mTc-sestamibi or 99mTc-tetrofosmin), MPS reports 
the distribution of blood flow in the myocardium, at rest 
and after stress conditions. An exercise test (treadmill or 
bicycle ergometer) is the stress technique of choice because 
it defines the patient’s capabilities for physical work and 
provides documentation of ischemic thresholds.22

Pharmacologic testing is alternative to the physical  
test in patients with left bundle branch block (LBBB), a 
pacemaker, or in those with the inability to perform an 
appropriate physical test. It consists in the intravenous 
administration of vasodilator agents (adenosine, dipyridam-
ole, or inotropic drugs as dobutamine). Perfusion rest and 
stress images are recorded with tomographic single-photon 
imaging techniques (single-photon emission tomography, 
SPET or SPET-CT with new hybrid systems), synchronized 
with the cardiac cycle (ECG-gating) to simultaneously assess 
myocardial perfusion and ventricular function. The main 
indication for radionuclide myocardial perfusion imaging 
is to assess the presence and degree of myocardial ischemia 
in patients with known or suspected coronary artery disease 
and to aid the management of patients with known coronary 
disease (Fig. 36.4). MPS compared with ECG-stress test has 
a higher sensitivity in detecting myocardial ischemia and 

activity. A similar impairment often is seen in drug neph-
rotoxicity, in which, over time, cortical thinning along with 
worsening uptake and clearance are noted.9,11

Urine leaks may be detected by dynamic renography 
with the initial appearance of “cold” defects around the 
kidney and the late appearance of an area of focal or diffuse 
increased activity outside the expected confines of the 
kidney, ureter, and bladder.11

Renal vein thrombosis or renal artery thrombosis result 
in absent or faint perfusion and no tracer uptake; very 
delayed and faint tracer uptake may be observed in cases 
of venous thrombosis.

Lastly, hematomas or lymphoceles are visualized as a 
perinephric collection with activity less or equal to the 
background that does not change over time.

ROLE OF NUCLEAR MEDICINE  
IN CARDIAC DISEASES

Cardiovascular disease and its manifestations remain a 
major worldwide public health problem, often revealing a 
relationship with associated renal diseases (the so-called 
cardiorenal disease). In this field, the objective demonstration 
of myocardial ischemia and the evaluation of the functional 
status of the myocardium are critical.20

Phase 1

Furosemide

Furosemide

Phase 2 Phase 3

FIGURE 36.3 
99mTc-mercaptoacetyltriglycine (MAG3) images and renogram in a patient with early posttransplant ATN. Vascular phase 

images show regular bolus transit in the aorta and in the iliac arteries and a preserved graft perfusion (top left). Cortical and excretory 
phases show a relative homogeneous cortical uptake and a progressive accumulation of the tracer in the renal parenchyma (top right) 
with a pattern of relative preserved flow as compared to function. Diuretic phase shows mild transient activity in the ureter and in the 
bladder (bottom left): acute obstruction is ruled out. Renogram curve has an accumulative pattern (bottom right). 
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area of scar after reperfusion. Cardiac sympathetic function 
also is adversely altered in other diseases such as congestive 
heart failure, in diabetes, and in many neurologic disorders 
(i.e., Parkinson disease and parkinsonism). Viable, but 
noninnerved, myocardium may be a substrate for ventricular 
arrhythmia. Currently the most used method to study 
myocardial innervation is 123I-metaiodobenzylguanidine 
(MIBG) myocardial scintigraphy. MIBG is a false neuro-
transmitter analogue of norepinephrine.

ROLE OF NUCLEAR MEDICINE  
IN INFLAMMATION, INFECTION,  
AND CANCER DISEASES

Severe inflammatory and septic insults and some neoplastic 
diseases can induce the onset of an acute renal or heart 
failure.26 The localization of the primary site of infection and 
its extension or the identification of the possible noninfec-
tious cause is crucial for a correct therapeutic approach.

Nuclear medicine offers powerful noninvasive techniques 
for visualization of infectious and inflammatory disorders 
using whole-body imaging, which allows for the evaluation 
of location, number, and activity of the inflammatory foci.

Most infectious and inflammatory foci are accurately 
visualized using 99mTc-labeled autologous leukocytes (the 
gold standard) or 99mTc-labeled murine monoclonal anti-
leukocytes antibody scintigraphy.

The excellent performance of radiolabeled autologous 
leukocytes (mixed leukocytes or pure granulocytes) for 
imaging infection and inflammation was confirmed by 
different studies, which demonstrated a sensitivity for 
imaging infectious/inflammatory foci superior to 95%, with 
a specificity of approximately 85%. The sensitivity is slightly 
lower for the antigranulocyte antibody (range between 80% 
and 90%), and overall it decreases when the infection is 
located close to the spine or in the kidney (physiologic 
sites of tracer accumulation).

Both methods require the early and late acquisition of 
images (planar and tomographic SPET-CT) at 4 and at 24 
hours after the injection. The preparation of 99mTc-labeled 
autologous leukocytes is complex, requiring in vitro white 
cell separation from the patient blood and their radiolabeling 
must take place under aseptic conditions. On the other hand, 
murine monoclonal fragments antibodies may induce the 
formation of human antibodies against murine antigens.

The main indications for labeled white cell scan are 
diagnosis of infections and abscesses in the soft tissues, 
especially in the abdomen and in the pelvis, cardiovascular 
and intestinal infection, fever of unknown origin, orthopedic 
prosthesis infection, suspected osteomyelitis (especially 
those of the appendicular skeleton), diabetic foot, postopera-
tive abscesses, neurologic infection, infected central venous 
catheters or other device, vasculitis, and endocarditis.27

PET-CT using 18F-FDG is a noninvasive method allowing 
for the diagnosis of a wider spectrum of diseases such as 
malignancy, inflammation, and infection, in the entire body 
(more often from the base of the skull to proximal thigh) in 
just 20 to 30 minutes. It also appears to be a reliable method 
of monitoring disease activity and response to therapy.

18F-FDG concentrates in tissues with a high rate of 
glycolysis and therefore in tumor cells and in all activated 
leukocytes (granulocytes, monocytes, as well as lympho-
cytes), enabling the imaging of acute and chronic inflam-
matory processes. It can be used in patients with impaired 
renal function, because 18F-FDG does not compromise renal 

in predicting the evolution of the disease. The incremental 
value of new hybrid cardiac imaging (SPET-CT) also has 
been of interest because it allows the clinician to associate 
information regarding myocardial perfusion with coronary 
artery calcium scoring or coronary CT angiography.23

The main clinical application of PET imaging in cardiol-
ogy is the study of the myocardial metabolism looking for 
myocardial viability in patients affected by severe heart 
failure. In these patients it is important to assess myocardial 
viability to distinguish between myocardial regions with 
potentially reversible dysfunction (which will benefit most 
from revascularization rather than drug treatment) and 
regions with irreversible dysfunction (which are at high 
risk of cardiac events and will not probably benefit from 
revascularization). 18F-FDG is the most routinely used tracer 
in clinical routine because of its wide availability in each 
PET center, but it requires a shift of the entire cardiac 
metabolism toward glucose metabolism by administering 
an oral glucose load and insulin.24

Finally, nuclear medicine imaging also may be useful 
in the study of myocardial innervations.25

Cardiac sympathetic nervous system abnormalities are 
reported in patients affected by severe arrhythmia and 
sudden cardiac death, heart failure, cardiomyopathies, 
cardiotoxic chemiotherapy, and heart transplantation. 
Clinical setting suggests that cardiac sympathetic nerve 
terminals are more sensitive to ischemia than myocytes; 
therefore the area of denervation frequently exceeds the 

Stress SA Stress SA

Rest SA Rest SA

Stress HLA Stress VLA

Rest HLA Rest VLA

FIGURE 36.4 Stress/rest myocardial perfusion scintigraphy with 
99mTc-MIBI (methoxyisobutylisonitrile). Short axis (SA), vertical 
long axis (VLA), and horizontal long axis (HLA) stress images 
show decreased activity in the anterior and in the septal wall of 
the left ventricle that is not evident on rest images, and which are 
consistent with myocardial ischemia in the left anterior descending 
coronary artery territory (arrows). Cardiac catheterization revealed 
an 85% left anterior descending coronary occlusion. 
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function and impaired renal function does not seriously 
compromise the biodistribution of the tracer. 18F-FDG is 
similar to endogenous glucose, and it does not produce 
allergic reactions and is therefore safe in subjects affected 
by allergic diathesis.

PET-CT is characterized by high image resolution and 
high lesion-to-background ratio. It allows for a direct 
coregistration with low-dose CT, and PET-CT imaging does 
not require serial acquisitions over more days, necessary 
for conventional imaging with 99mTc-labeled leukocytes.

In infective diseases PET is useful in the diagnosis and 
localization of the foci, such as abdominal and pelvic 
abscesses, renal or hepatic cyst infection, active tuberculosis, 
infected vascular or cardiac graft (Fig. 36.5), cardiovascular 
infections (such as endocarditis or myocarditis), and in the 
patients affected by fever of unknown origin.2818F-FDG-PET 
presents a useful role also in evaluation of aseptic inflam-
mation, as for example in vasculitis or sarcoidosis.

Current applications of PET-CT imaging with 18F-FDG 
in oncology are in the staging and follow-up, in the evalu-
ation of the response to therapy and in radiotherapy in the 
treatment planning. 18F-FDG PET is not indicated for 
primitive neoplastic kidney disease because most kidney 
cancers show low glucose metabolism, leading to low 
18F-FDG uptake. Moreover, 18F-FDG is filtered by renal 
glomerula; only a small amount is reabsorbed by the renal 
tubular cells, and this radiotracer physiologically accumu-
lates in the kidneys and in the urinary tract.

FIGURE 36.5 
18F-FDG PET/CT in an infected aneurysm of the aortic arch previously treated with endovascular graft. Top left, 3D rendering 

shows intense uptake in aortic arch and in some mediastinal lymph nodes (arrow). Bottom left, transaxial low-dose CT slice. Axial PET 
(top right) and fused PET/CT (bottom right) images show intense uptake in proximity of the aortic arch endoprosthesis and in the 
peripheral portion of the aneurysm (arrow). 

Key Points

1. In acute renal failure, dynamic scan with 99mTc-
diethylenetriaminepentaacetic acid or 99mTc-
mercaptoacetyltriglycine usually reveals impaired 
or delayed cortical uptake.

2. Assessment of permanent damage, irreversible 
functional impairment, and scarring are the most 
employed indications of static renal scintigraphy 
with 99mTc-dimercaptosuccinic acid.

3. Dynamic radionuclide renography is used routinely 
to evaluate the effectiveness of the transplant 
surgery and in the diagnosis of early and late 
posttransplantation complications.

4. Single-photon emission tomography and positron-
emission tomography evaluation of myocardial 
perfusion and viability can be useful in the suspect 
for cardiorenal disease.

5. Labeled white cells scan is useful searching for 
infections causing secondary renal involvement.
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