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Nuclear medicine has an important role in the care of newborns
and children less than 1 y old. Patients in this age group present
with a spectrum of diseases different from those of older
children or adults. These patients can benefit from the full
range of nuclear medicine studies. In these young children,
nuclear medicine studies are more likely to be used to evaluate
a wide range of congenital conditions but also can be helpful for
evaluating acquired conditions such as infection, cancer, and
trauma. This review first will cover the general aspects of
nuclear medicine practice with these patients, including the
special considerations that can help achieve successful diag-
nostic imaging. These topics will include clinical indications,
imaging technology, instrumentation, software, positioning and
immobilization, sedation, local and general anesthesia, radio-
pharmaceutical doses, radiation risk, and dose reduction. The
review then will discuss the specific nuclear medicine studies
that typically are obtained in patients in this age group. With
extra care and attention to the special needs of this population,
nuclear medicine departments can successfully study patients
less than 1 y old.
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Nuclear medicine plays a valuable role in the evaluation
of pediatric patients in the first year of life. Evaluation of
these patients differs from that of other children and must

accommodate a different range of clinical problems, special
imaging requirements, and extra care to acquire high-quality
images that address the clinical question while delivering
the lowest radiation dose possible. This review therefore
will address special aspects associated with the imaging of
these small children, including clinical indications, methods,
patient handling, positioning, immobilization, sedation, ad-
ministered radiopharmaceutical dosages, instrumentation,
evaluation of radiation exposures and risk, and reduction
of radiation exposure (1).

Clinical indications are broad and include the diagnosis
and assessment of diseases of the central nervous, endo-
crine, cardiopulmonary, lymphatic, gastrointestinal, genito-
urinary, and musculoskeletal systems, as well as oncologic
diseases. This is based on a retrospective review derived
from the experience at our institution from 2000 to 2009.
During this period, approximately 2,570 children under 1 y
old underwent one or more diagnostic procedures, for a
total of 3,330 studies. There were slightly more boys (male-
to-female ratio, 1.14). Patient ages ranged from premature
infants to 12 mo. Two thirds of the studies were of patients
less than 6 mo old.

TECHNICAL CONSIDERATIONS

Imaging

Imaging of neonates and infants requires special care,
patience, adaptation, experience, and skillful hands. Indi-
vidual approaches are often needed that require deviation
from routine protocols with respect to the administered
radiopharmaceutical doses, imaging techniques, and types
of images needed.

During the first year of life, infants naturally experience
rapid growth and development, and radiopharmaceutical
distribution and kinetics may vary from that in older children
or young adults. For example, newborns and infants have a
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lower glomerular filtration rate, faster circulation, and faster
pulmonary wash-in and washout of radioactive gases than
older children. The uptake of pertechnetate in the gastric
mucosa is lower and the background higher in infants than in
older children. The distribution of skeletal imaging agents in
this group of patients reveals relatively high tracer concen-
trations in growth centers and a lack of tracer uptake in the
nonossified cartilaginous parts of the growing bone (Fig. 1).
As a child matures, physiologic processes mature, and the
kinetics and biodistribution of radiopharmaceuticals eventu-
ally reach adult levels.
Imaging of these patients must take into account the

challenges of evaluating small organs and bodies with
equipment designed for imaging adults. Newborns weigh
an average of 3.4 kg (range, 2.5–4.5 kg). By 1 y old, the
baby has tripled its birth weight to approximately 10 kg
(range, 7.5–12 kg). Premature babies (,37 wk of gestation)
usually weigh less than 2.5 kg, but some weigh as little as
800 g or even less.

Positioning, Immobilization, Sedation, and Local and
General Anesthesia

Most nuclear medicine imaging requires the patient to
remain still for a relatively long period. In babies, simple
immobilization techniques (sandbags, safety belts, gently

wrapping a bed sheet around the patient) and some holding
by the gentle and skilled hands of nuclear medicine
technologists help to ensure success. Newborns usually
find swaddling comforting. In a quiet environment, with
dim lights and care, many of these children fall asleep
during longer examinations. Attenuation imaging artifacts
resulting from holding patients by hand should be avoided
if possible, but they should be anticipated and recognized
on images. Allowing the child to hold a favorite toy or
stuffed animal during some examinations may be permitted
as long as it does not interfere with imaging. Our imaging
rooms are equipped with television monitors that can be
positioned within easy view by the patient. Video or audio
programs often help to distract and relax patients (and
parents) during the examination. Even if the patient moves
during an examination, motion correction techniques can be
applied effectively to aid in the qualitative and quantitative
evaluation of images (2). Local skin anesthesia with cream
containing lidocaine and prilocaine (e.g., EMLA cream;
AstraZeneca LP) is helpful in reducing pain associated with
venipuncture.

Infrequently, immobilization alone is not sufficient, and
sedation or, much less frequently, general anesthesia is
necessary. In our review, less than 3% of the children in this
age group needed sedation, mainly for brain or whole-body
SPECT or PET. Under optimal conditions, institutions have
specialized pediatric sedation programs with dedicated
teams of anesthesiologists and nurses who have particular
experience with patients needing imaging. When sedatives
are administered, potential side effects such as aspiration
and respiratory arrest should be anticipated and appropriate
means of treatment must be available. A physician or nurse
must monitor the child from the time of sedation until full
recovery. To support sedation, the nuclear medicine depart-
ment must be equipped with age-appropriate medications
and equipment. Sphygmomanometers and stethoscopes
appropriate for these children should be within easy reach.
Sedation or general anesthesia can affect physiology, such
as cerebrospinal fluid flow, cardiovascular shunt flow, cardiac
function, renal function, and cerebral function.

Instrumentation and Software

Optimal imaging of the newborn or infant requires
special consideration of the appropriate choice of instru-
mentation, image acquisition technique, and processing
technique. For planar imaging and SPECT in these small
patients, choosing an appropriate imaging device is impor-
tant and will depend on the particular study and the specific
diagnostic task. A state-of-the-art dual-detector g-camera
system can acquire high-quality images of an infant. These
cameras typically have a useful field of view of 50 · 30 cm.
Both anterior and posterior images of the whole body can
be obtained simultaneously in a reasonable period, thus
reducing immobilization time. A fixed-geometry second
detector may be in the way if the application requires direct
access to the patient during imaging, and a dual-detector

FIGURE 1. Nonossified bone. 99mTc-MDP skeletal scans. (Left) In

1-mo-old baby, there is no tracer uptake in humeral heads (S),
femoral heads, femoral necks, distal femur, proximal tibia, pubic

bones (P), or bones in midfoot (M). (Right) In another patient at 11

mo old, tracer uptake in femoral head and neck, bones of knee, and

midfoot shows evidence of calcification. Bones of elbow, wrist
bones, and pubic bones are still not completely calcified.
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device that allows the second detector to be moved sepa-
rately would therefore be preferable.
Choosing the appropriate collimator can make the dif-

ference between an excellent and a suboptimal study. The
small size of the organs being imaged in the newborn or
infant makes this choice even more critical. For some tasks,
the ability to resolve a particular feature may be most im-
portant, and therefore an ultra-high-resolution collimator or
pinhole collimator may be most appropriate even if re-
quiring a slightly longer imaging time. In other instances, it
may be necessary to acquire a less noisy image in a fixed
amount of time based on the physiologic process to be
evaluated, and therefore, a higher-sensitivity collimator
may be a good choice. The ability to select from a variety
of collimators (ultra-high-resolution, high-resolution, and
high-sensitivity) provides flexibility to adapt to specific
diagnostic needs. Pediatric nuclear medicine clinics also
should have a high- or medium-energy collimator avail-
able for imaging 123I agents such as metaiodobenzylgua-
nidine (MIBG). Although the primary g-ray emitted by
123I has an energy of 159 keV, it also emits several higher-
energy photons in low abundance (g-rays with energies
higher than 400 keV are emitted 2.6% of the time). Low-
energy collimators are not effective at stopping these
high-energy photons, leading to a significant amount of
septal penetration and image degradation. When a low-
energy collimator is used to image 123I, almost half the
events measured within the 159-keV window result from
these high-energy photons. Using a medium-energy col-
limator produces images of superior quality, compared
with the high-sensitivity or even ultra-high-resolution
collimators (3).
In some cases, even an ultra-high-resolution collimator

may not resolve small features of importance. Pinhole
collimator magnification scintigraphy provides the highest
spatial resolution (a few millimeters) with g-cameras and,
in selected applications, is invaluable for imaging small
body parts. Pinhole collimator magnification spreads the
image over a larger area of the detector, effectively improv-
ing the overall system spatial resolution above what can be
achieved with parallel-hole collimators (4). Pinhole images
using an insert of a small aperture (2–3 mm) in infants
undergoing 99mTc-dimercaptosuccinic acid (DMSA) renal

scans or 99mTc-methylene diphosphonate (MDP) bone
scans are of excellent quality in the smallest patients (Fig.
2). The pinhole collimator has the lowest sensitivity of any of
the collimators routinely used, particularly with the smaller
apertures, and images can take several minutes (10–15 min)
to acquire. For rapid dynamic studies, a low-energy converg-
ing collimator provides a good combination of higher spatial
resolution and sensitivity.

In newborns and infants, SPECT recording can be
particularly challenging because of the limited spatial reso-
lution due to the relatively large distance from the patient to
the detector. In most devices, SPECT detectors cannot get
close to the patient, because the imaging beds are typically
around 38 cm wide. Specially designed narrow pediatric
pallets allow the detectors to come closer to the patient’s
body, improving SPECT quality. The use of focusing colli-
mators and new SPECT gantries with advanced robotics has
made such approaches much simpler for routine use in cardiac
imaging and, therefore, may optimize SPECT for imaging
neonates and infants.

Image fusion of complementary anatomic and functional
3-dimensional (3D) image sets is increasingly regarded as a
necessary part of imaging. Image fusion registers 2 or more
3D image sets of the same or different imaging techniques
in the same orientation in the same space. PET/CT and
SPECT/CT devices provide hardware image fusion. How-
ever, patient motion can still cause misregistration that
needs to be corrected. Software fusion has expanded the
application of image fusion to many combinations of 3D
image sets, including PET, SPECT, CT, and MRI. For
example, a useful approach in young patients with neuro-
blastoma is to fuse 123I-MIBG SPECT and MRI. Fusion can
also be used on images of the same modality acquired
under different circumstances or at different times. In the
assessment of patients with epilepsy, image fusion is used
to compare 2 functional states, such as ictal and interictal
brain perfusion. Similarly, registration of SPECT or PET
with MRI is a useful approach to assist in the localization of
epileptogenic cortex. Most methods allow rigid fusion that
works well for brain studies. Nonrigid registration and
fusion of organs in the chest and abdomen is possible but
more challenging to implement because of deformations
due to body motion between 2 image acquisitions.

FIGURE 2. Renal duplication. 99mTc-DMSA
posterior images from 5-wk-old boy with

right renal duplication. (Left) Planar image

with parallel-hole low-energy ultra-high-reso-

lution collimator. (Right) In same patient, 2
individual pinhole images showing better

spatial resolution. Detail of renal cortex and

separation of right upper and lower renal moi-

eties are much better defined.

NUCLEAR MEDICINE IN INFANCY • Treves et al. 907



Radiopharmaceuticals

An important advantage of nuclear medicine in the first
year of life is that it is extremely safe. Radiopharmaceut-
icals typically are nontoxic and nonallergenic. The total
mass of material that is administered is small and does not
elicit an osmotic effect. Similarly, the administered mass is
low enough that no pharmacologic or toxic effect is pro-
duced. For example, a patient who is allergic to iodine can
safely receive 123I-NaI or 123I-MIBG because the adminis-
tered mass of iodine is well below the threshold needed to
trigger an allergic effect. The volume and mass of a radio-
pharmaceutical that is administered is significantly lower
than that of MRI and CT contrast agents. For example, in a
10-kg 1-y-old patient having a bone scan, the administered
volume of 99mTc-MDP solution is 0.06 mL containing only
0.64mg of radiopharmaceutical. In comparison, for the same
10-kg patient undergoing MRI, 940 mg of gadopentetate
dimeglumine (Magnevist; Bayer) may be administered in a
volume of 2.0mL. For a contrast-enhancedCT scan, 6,400mg
of ioversol (Optiray 320; Covidien) may be administered in a
volume of 20 mL. Thus, the administered volume for 99mTc-
MDP is 20- to 200-fold less than that for MRI or CT contrast
agents, and the administered mass is more than a thousand-
fold less (Table 1).
Pediatric radiopharmaceutical doses in neonates and

infants should be determined by the minimum amount of
activity necessary to ensure a satisfactory diagnostic exami-
nation in the shortest time. Administered doses that are too
high lead to increased radiation dose to the patient without
resulting in improved diagnostic sensitivity or accuracy.
Doses that are too low may not permit an adequate
examination. In both cases, too-high or too-low doses lead
to unnecessary radiation exposure. In adult patients, dosing
is roughly standardized. However, in most pediatric patients
this has not been the case. Pediatric activity doses are often
scaled down from the adult dose on the basis of body weight,
surface area, size, or age. These dose estimations for pedia-
tric patients based on adult dose corrected for body weight or
body surface area are usually adequate for children over 1 y
old. Presently, there is no universally accepted guideline for
administered radiopharmaceutical doses in children (5). Dif-
ferent approaches to determining administered dose have
accounted for substantial variations among centers. Two
common methods use patient size as determined by the
patient’s weight or surface area: Clark’s rule and the area

rule. Other methods use age as the predominating factor in
dose calculation: Young’s rule, Webster’s rule, and Fried’s
rule. The dosage method used at a particular clinic is largely
dependent on the practitioner’s preferences. Premature infants
and newborns require special consideration, and one needs to
consider the concept of minimum administered dose—the
amount of administered radiopharmaceutical below which
the studywill be inadequate regardless of the patient’s size (1).

We recently surveyed 13 dedicated pediatric hospitals in
North America to determine radiopharmaceutical dose
schedules for 16 commonly performed nuclear medical stud-
ies. The survey also inquired about minimum and maximum
administered activity for each procedure. In our survey, we
found that scaling the adult radiopharmaceutical doses
according to the patient’s weight is a common approach. This
approach leads to similar radiation-absorbed doses to the
patient irrespective of patient size because the radiation dose
is defined as energy imparted per unit mass. When dosing is
determined according to weight, the differences in patient
geometric factors such as the size and shape of the individual
organs and distance between organs actually lead to smaller
patients receiving a slightly smaller radiation dose than larger
patients (Table 2). From our survey, the average administered
activity per body mass varied by a factor of 3, and the varia-
tion was by as much as a factor of 10 among the institutions.
On the other hand, the variation in minimum administered
activity was a factor of 10 on average and was as much as a
factor of 20. Thus, the greatest variability in administered
dose is in the smallest patients. This fact suggests that an
opportunity exists to reexamine and redefine the lowest
administered doses that ensure satisfactory studies in patients
in this age group. The EuropeanAssociation ofNuclearMed-
icine has also developed a pediatric dose card (6).

As a result of that survey, during 2009 and 2010, a pediatric
nuclear medicine group organized consensus conferences
and workshops that included many pediatric nuclear medi-
cine physicians, physicists, and technologists from North
America. This group included representatives from the
Society of Nuclear Medicine, the Society for Pediatric
Radiology, the American College of Radiology, and the
Image Gently Campaign. This group’s activity has recently
produced a new consensus guideline for pediatric radiophar-
maceutical administered doses. This guideline, which has
been approved by the Society of Nuclear Medicine and the
Society for Pediatric Radiology, narrowed the variation in
pediatric radiopharmaceutical doses, addressing the mini-
mum administered doses for the smallest patients, as well
as doses per kilogram of body weight (7).

Reduction of Radiation Exposure and Risk

In general, nuclear medicine procedures involve expo-
sure to relatively low levels of ionizing radiation. The
diagnostic value of these procedures, when used appropri-
ately, far outweighs potential radiation exposure and thus
potential risk. However, younger individuals may be at a
higher risk than adults for long-term effects from radiation,

TABLE 1
Comparison of Mass and Volumes for Certain
Radiopharmaceuticals and Contrast Agents

Agent Volume (mL) Mass (mg)

99mTc-MDP 0.06 0.64
99mTc-DMSA 0.03 0.22
99mTc-MAG3 0.10 1.1
Gadopentetate dimeglumine 2.0 940

Ioversol 20 6,400
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partly because of the higher sensitivity of growing tissues in
young individuals and because they have more potential
years of life ahead during which the risk could be realized.
When the administered doses are scaled by body weight,
the range of effective doses for nuclear medicine proce-
dures is 0.6–5.5 mSv and comparable to that from other
common imaging procedures (8,9). A precise estimate of
radiation dose requires knowledge of the administered dose,
the size or geometry of the patient, and the biokinetics of
the radiopharmaceutical. When radiopharmaceutical doses
are scaled by body weight, the increasing radiation sensi-
tivity for younger patients is partly offset by the lower
radiation dose, and thus the total risk is reasonably constant
across pediatric age groups (Table 3).
One way to achieve the lowest radiation exposures in

pediatric nuclear medicine is to ensure that the requested
procedure is the most appropriate for the specific diagnostic
question and that the administered dose is appropriate for
the specific diagnostic imaging task. Therefore, it is
important to obtain sufficient clinical information on each

case before proceeding with a study. The minimum admin-
istered dose of activity to be given to a child is determined
by the type of study: dynamic or static. Rapid dynamic
studies require a higher dose of tracer than static studies for
sufficient image count statistics.

As an example, certain studies (e.g., hepatobiliary studies
or 99mTc-mercaptoacetyltriglycine [MAG3] renal scans)
have traditionally included an initial radionuclide angio-
gram at 1–3 frames/s during the first 60 s of the study,
followed by a longer acquisition with approximately 1–4
frames/min. One should consider the clinical need to rou-
tinely acquire a radionuclide angiogram at rapid framing
rates, or if the study interpretation could be adequately
achieved with images acquired for 1–2 min each. There-
fore, slow dynamic studies (e.g., hepatobiliary scintigraphy
or dynamic renal scintigraphy) that do not require high
temporal resolution can be obtained satisfactorily with a
lower administered activity than studies requiring rapid
framing rates, thus resulting in relatively lower patient radi-
ation dose. Therefore, appropriate adjustments of acquisi-

TABLE 2
Effective Dose for Selected Pediatric Nuclear Medicine and Radiographic Procedures

Effective dose (mSv)

Procedure Activity (MBq)* Newborn (3.6 kg) 1-y-old infant (9.7 kg) 5-y-old child (19.8 kg)

99mTc-DMSA scanning 111 0.50 (0.65†) 0.58 0.68
99mTc-MAG3 scanning 370 0.94 (1.82†) 1.11 1.27
99mTc-MDP scanning 740 2.74 2.93 3.14
123I-MIBG scanning‡ 370 — 3.49 3.87
131I-MIBG scanning§ 37 — 5.64 6.38
18F-NaF scanning§ 148 — 3.49 3.60
18F-FDG scanning 370 5.00 5.38 5.85

Chest radiography

(anteroposterior and lateral)

0.01 0.01 0.01

Abdominal CT 5.0 4.5 4.0

*Radiopharmaceutical doses for 70-kg adult. For smaller patients, radiopharmaceutical dose is scaled by patient’s weight.
†For 99mTc-DMSA and 99mTc-MAG3, weight-based radiopharmaceutical dose was less than prescribed minimum dose for Children’s

Hospital Boston (7.4 and 37 MBq, respectively). Value in parentheses is effective dose for prescribed minimum dose.

Dosimetry for nuclear medicine procedures is based on data provided by Michael Stabin, Vanderbilt University, except where
otherwise noted (‡ICRP Report 80; §ICRP Report 53). Dosimetry for radiographic procedures was provided by Keith Strauss, Children’s

Hospital Boston.

TABLE 3
Comparison of Risk at Different Ages from 99mTc-MAG3 and Abdominal CT Studies

Age (y) Administered dose (MBq) 99mTc-MAG3 effective dose (mSv) 99mTc-MAG3 risk (%) Abdominal CT risk (%)

0 (newborn) 19 0.94 0.03 0.17

1 51 1.11 0.04 0.11
5 104 1.27 0.03 0.09

10 175 2.09 0.05 0.08

15 300 2.78 0.05 0.07

20 370 2.87 0.04 0.06
40 370 2.87 0.02 0.02

This table is based on data provided by S. James Adelstein, Harvard Medical School.
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tion protocols may allow the administration of a lower
radiopharmaceutical dose without degradation of image
quality or diagnostic value (Fig. 3).
Because the anteroposterior cross-section of an infant is

small (8–10 cm), another option that can be considered for
reducing administered doses is the use of a low-energy
high-sensitivity collimator, which may provide an appropri-
ate resolution at these short depths. Another approach to
reducing the dose is the application of advanced image
processing techniques. Iterative reconstruction makes SPECT
more feasible in these small patients. Unlike filtered back-
projection techniques, iterative reconstruction can incorporate
corrections for the noise properties of the projection data,
as well as changes in collimator resolution with distance,
leading to a more accurate reconstruction. These iterative
reconstruction techniques provide similar, and often improved,
image quality with significantly fewer counts needed to
produce diagnostic quality images. Therefore, high-quality
studies can be obtained with lower radiation exposure to the
patient, shorter imaging times, or a combination of both. In
addition, advanced planar processing allows a reduction in
administered radiopharmaceutical doses without loss of
diagnostic information. Performing SPECT reconstruction
with 3D ordered-subset expectation maximization and with
resolution recovery methods can significantly reduce the
image acquisition time and make it possible to acquire a
high-quality SPECT study of an infant in only a few minutes
(Fig. 4) (10–14). The utility of iterative reconstruction and
sophisticated filtering in the newborn and infant is under
evaluation.
Although iterative reconstruction has been used in PET,

incorporation of the spatial resolution variation within the
field of view into the algorithm is relatively new. In ad-
dition, the use of 3D PET is most appropriate to very small
children. 3D PET leads to a large gain in sensitivity relative
to 2D PET. Thereby, the use of 3D PET in these patients
should lead to PET studies of outstanding image quality in
either a shorter imaging time or with less administered

activity, depending on the diagnostic task. Newer PET
systems that offer high spatial resolution across the field of
view, improved field uniformity, faster imaging times, and
improved imaging processing have obvious advantages for
imaging small children. The use of these systems may
allow a reduction in administered doses and thus a
reduction of patient radiation exposure or of the need for
sedation. An approach leading to reduction in radiation
exposure suggests that it is possible to obtain adequate 18F-
FDG brain PET images of term and preterm babies using
3.7 MBq (0.1 mCi)/kg (15). This is lower than the current
usual administered doses for this study (minimum, 5.18
MBq [0.14 mCi]/kg, and maximum, 7.4 MBq [0.20 mCi]/kg,
with a mean of 5.66 MBq [0.153 mCi]/kg) (7,16). Another
way to reduce radiation exposure in children who are can-

FIGURE 3. Low-dose hepatobiliary scin-

tigraphy. Images were obtained with g-cam-
era equipped with parallel-hole low-energy

ultra-high-resolution collimator using only

5.55 MBq (0.15 mCi) of 99mTc-disophenin.
Images clearly demonstrate a choledochal

cyst.

FIGURE 4. Advanced image processing. In 9-mo-old infant,

SPECT images obtained 4 h after administration of 99mTc-MDP.

(Left) Maximum-intensity projection of SPECT obtained with paral-

lel-hole low-energy ultra-high-resolution collimator reconstructed
with conventional filtered backprojection (FBP). (Right) Maximum-

intensity projection of same study reconstructed with half counts

using 3D ordered-subset expectation maximization (OSEM) with
resolution recovery. Improvement of image resolution at half counts

is remarkable.
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didates for PET/CT or SPECT/CT is to consider the use of
previously acquired diagnostic CT for image fusion and not
repeat the CT at diagnostic levels of radiation during the
PET acquisition. CT during PET/CT or SPECT/CT can then
be obtained at much lower doses for attenuation correction
or anatomic correlation only. Software can then be used to
fuse the 3D image sets.

CLINICAL APPLICATIONS

The second part of this review will discuss specific nuclear
medicine studies that typically are obtained for patients in
this age group. These include a full range of nuclear medi-
cine studies, including oncologic studies and studies of the
brain, thyroid, heart, lungs, liver, gastrointestinal tract, kidneys
and genitourinary tract, spleen, lymphatic system, and
skeleton.

Brain and Cerebrospinal Fluid

Frequent indications for brain SPECT, PET, and planar
scintigraphy during the first year of life include seizures,
tumors, effect of hypothermia and hypoxia, evaluation of
cerebrospinal fluid flow, and assistance in the determination
of brain death. An important consideration in this age group
is brain immaturity and development. As the brain matures,
regional cerebral blood flow and metabolic patterns change
with age and follow the order of anatomic, evolutional, and
behavioral development of the child. These changes are
reflected on 99mTc-ethylcysteinate dimer (ECD) or exame-
tazime perfusion brain SPECT and 18F-FDG brain PET
(Fig. 5). In the newborn, regional cerebral perfusion and
regional metabolism are initially more intense in the sen-
sorimotor cortex, thalamus, brain stem, and cerebellar ver-
mis. Later, the parietal, temporal, and occipital cortex;
basal ganglia; cerebellar cortex; and finally the frontal cor-
tex are included. The level of cerebral glucose metabolism
is lower in the newborn than in adults but increases with
age. The pattern of 18F-FDG uptake in the pediatric brain
becomes similar to that of young adults by 1 y old. How-
ever, further brain development continues over several
years. At about 3 y old, a child’s brain metabolic activity
exceeds that of an adult, and by approximately the age of
7 a plateau is reached with a value 1.3 times higher than in
adults. The pattern of uptake and distribution of 18F-FDG
in the brain is much lower in the thalamus and basal gan-
glia, cerebellum, sensorimotor cortex, frontotemporal, and
occipital regions in preterm infants than in term infants
(17–19).
In infants with intractable seizures, ictal and interictal

perfusion brain and 99mTc-ECD SPECT aid in the local-
ization of epileptogenic cortex. Ictal SPECT usually reveals
increased local uptake in the epileptogenic region, whereas
interictal SPECT shows regional reduction in cerebral
perfusion within the same region. Ictal-minus-interictal
subtraction of perfusion SPECT assists further in the local-
ization of epileptogenic cortex.

99mTc-ECD is a lipophilic agent that after intravenous in-
jection rapidly concentrates in the brain at approximately 6%
of the administered dose. This agent is a first-pass indicator
and does not redistribute after its initial brain localization.
Imaging can begin 5–10 min after the intravenous injec-
tion of the tracer or can be obtained a few hours (3–5 h)
afterward, allowing the patient to be stabilized before imag-
ing if needed. Typical administered doses are 7.4–11.1 MBq
(0.2–0.3 mCi)/kg, with a minimum dose of 37 MBq (1 mCi).
In the interictal state, care should be taken to reduce environ-
mental stimulation during the intravenous injection of the
tracer. Ictal perfusion SPECT requires that the patient be
given the tracer during a seizure. Successful ictal perfusion
SPECT requires meticulous attention to detail and coordina-
tion (20). If the tracer is injected after the seizure activity has
subsided, the resultant SPECT image depicts postictal
regional cerebral blood flow and makes localization of a
primary epileptogenic focus difficult.

18F-FDG PET is a useful method to localize epilepto-
genic cortex and to assess tumor viability. Active tumors
show increased tracer uptake. However, it is well known
that uptake of 18F-FDG within normal brain tissue can
interfere with the detection of tumor activity. Usual admin-
istered doses for 18F-FDG for brain PET are 5.18 MBq
(0.14 mCi)/kg at a minimum, with a mean of 5.66 MBq
(0.153 mCi)/kg. However, it has been shown possible to
obtain adequate 18F-FDG brain PET images in term and
preterm babies using 3.7 MBq (0.1 mCi)/kg (15). 18F-
FDG PET is performed 1 h after intravenous administration

FIGURE 5. Brain immaturity and seizures. Two-month-old baby
with 20–45 seizures per day. (A) Ictal SPECT shows increased per-

fusion in right posterior temporal region (white arrows), with low

perfusion in frontal lobe due to immaturity (yellow arrow). (B) Ictal
SPECT fused with MRI. (C) Subtraction ictal-from-interictal SPECT

shows increased differential perfusion in right posterior temporal

area (arrows). Ictal 18F-FDG PET showed increased uptake in right

posterior temporal area. Original MRI findings were normal.
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of the tracer. Images can be obtained in 10 min or less using
a 3D PET acquisition mode.
Interictal 18F-FDG PET usually reveals regional decreased

tracer uptake. Fusion of ictal–interictal subtraction SPECT
images to MRI is helpful in localizing the seizure onset and
in guiding the intracranial recording in childhood epilepsy
(Figs. 5 and 6). Image fusion improves sensitivity and makes
interpretation easier (21,22). In the event that the patient has
a seizure during the 18F-FDG uptake period, the PET scan
will demonstrate increased tracer uptake in the epileptogenic
zone. This is rarely seen, as it is not possible to predict
seizure activity during the hour or so of the 18F-FDG brain
uptake period. Therefore, most 18F-FDG PET studies in
patients with epilepsy are interictal.
For SPECT, it is important to ensure that the patient lies

still for the examination and that the g-camera detectors are
positioned as close to the head as possible. We recommend
the use of a dual-detector system equipped with ultra-high-
resolution collimators. Each detector rotates 360� around
the patient’s head and records 120 images of 15 s each in a
128 · 128 matrix. In our experience, sedation is usually
needed for brain SPECT or PET in many of these very
young patients. Cerebrospinal fluid flow can be evaluated
effectively with radionuclide cisternography in case of
diversionary shunts and in the prechemotherapy assessment
of cerebrospinal fluid flow (23).

Thyroid

Thyroid scintigraphy is useful in the evaluation of hy-
pothyroidism in infants. Thyroid hormone is essential for
the normal development of the central nervous system.
Untreated congenital hypothyroidism is one of the most
common preventable causes of mental retardation (24).
Causes of neonatal hypothyroidism include thyroid agene-
sis, dysgenesis, or ectopia (25); dyshormonogenesis due to
inborn errors in thyroid hormone synthesis (26,27); and
transient infantile hypothyroidism caused by maternal thy-
roid-blocking antibodies, maternal antithyroid medications,
or iodine exposure (28). In North America, congenital hy-
pothyroidism has an incidence of approximately 1 in every
3,000–4,000 births, with approximately a 2:1 female pre-
dominance (24,27). Nearly all new cases of infantile hypo-
thyroidism in North America and Europe are now detected by
neonatal laboratory screening for hypothyroidism, which facil-
itates prompt evaluation and early institution of thyroid hor-
mone replacement therapy to prevent neurocognitive damage.
During embryonal development, the thyroid gland arises

from endodermal tissue at the floor of the oropharynx and
descends along the thyroglossal duct from the pharynx to
the neck. A remnant thyroglossal duct may be seen as a
pyramidal lobe, persistent duct, or thyroglossal cyst. With
disrupted migration, ectopic thyroid tissue may lie any-
where along the migratory pathway from the base of the
tongue to the thyroid bed, or even into the mediastinum
(29). The relationship between abnormal thyroid migration
and dysfunction is poorly understood. In some individuals

an ectopic thyroid may produce thyroid hormone; in others,
an ectopic thyroid may be dysgenic or show diminished
function. Thyroid dyshormonogenesis can result from many
different inborn errors of metabolism of thyroid hormone
synthesis. Transient hypothyroidism is a clinical diagnosis,
and the affected infant may not even be referred for imag-
ing studies. Patients may be referred for nuclear medicine
evaluation to exclude concurrent thyroid dysgenesis or
ectopia. Because the neonatal brain is dependent on thyroid
hormone for normal development, thyroid hormone re-
placement should not be discontinued during nuclear
medicine evaluation of the thyroid (28–30).

Nuclear medicine and ultrasound are complementary for
the evaluation of infantile hypothyroidism. Thyroid scintig-

FIGURE 6. Seizure. In 11-y-old boy with left temporal seizure

activity, subtraction of ictal from interictal perfusion 99mTc-ECD
SPECT fused with MRI shows ictal activity in left temporal region

(arrow, A), and 18F-FDG PET reveals more extensive region of

reduced tracer uptake in left side of brain (arrows, B).
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raphy is highly sensitive for detection of ectopic thyroid
tissue, and ultrasound is useful for evaluation of the gland
size and morphology. Ultrasound may be helpful for con-
firming the presence of nonfunctioning thyroid tissue of
patients with thyroid suppression due to hormone replace-
ment therapy, recent nonradioactive iodine overload, thyroid-
stimulating hormone deficiency, or maternal thyroid-blocking
antibodies (31).
Functional imaging of the thyroid gland can be obtained

with either 99mTc-pertechnetate or radioiodine. 123I is the
radioisotope of choice for imaging the infant’s thyroid. For
pediatric thyroid imaging, a typical dose of 123I is 0.9 MBq
(0.025 mCi). In an infant, the average thyroid dose is pre-
dicted to be less than 5 mSv/MBq (18.5 rem/mCi) (30,32).
Although 99mTc-pertechnetate accumulates in the thyroid
gland, it is not organified and can wash out of the thyroid.
This method of thyroid imaging has been popular because
of the ready availability of 99mTc-pertechnetate and the abil-
ity to image the thyroid immediately after intravenous admin-
istration of the tracer. For pediatric thyroid imaging, a typical
dose of 99mTc-pertechnetate is 1.1 MBq (0.03 mCi)/kg, with
a minimum dose of 7.5 MBq (0.2 mCi). However, compared
with 123I, 99mTc assesses only the trapping function (30).
Thyroid images are best obtained with a pinhole collimator,
either to provide a magnified view of the thyroid by placing
the collimator as close as possible to the neck or to provide a
birds-eye view of a larger region to survey for ectopic thyroid
tissue that may be anywhere between the oropharynx and
mediastinum (30). Anatomic localization of functional thy-
roid tissue is facilitated by acquiring a transmission scan of
the upper body to overlay with the diagnostic scan. Small
radioactive sources are used to mark anatomic landmarks.

Lungs

Pulmonary ventilation and perfusion studies are indi-
cated in several conditions in patients less than 1 y old:
pneumonia, inflammation, or infection; cyanosis; lobar
emphysema; assessment of pulmonary artery angioplasty
or surgery; congenital diaphragmatic hernia and repair;
bronchopulmonary dysplasia; foreign bodies; aspiration;
asthma; pulmonary hypoplasia, stenosis, aplasia, or agenesis;
pulmonary sequestration; pulmonary embolism; pulmonary
valve stenosis; arteriovenous malformation; and evaluation
of pulmonary transplants. Pulmonary perfusion scintigraphy
is useful as part of the overall cardiopulmonary assessment
of patients before and after catheter interventions, intra-
vascular stent placement, occlusion of unwanted vascular
communications, surgical arterioplasty, and other surgical
interventions in patients with congenital or acquired heart
disorders (Fig. 7). Frequently, patients with congenital heart
disease referred for assessment of pulmonary perfusion
have a right-to-left shunt of various levels of severity, as
demonstrated by systemic penetration of macroaggregated
particles. This condition is the result of microembolization
of all the systemic organs and is most prominently appre-
ciated in organs with high relative blood flow (e.g., the

brain and kidneys). The pulmonary-to-systemic flow ratio
is lower than 1:1 and can be calculated by determination of
the relative pulmonary and systemic activity on a whole-
body scan. The biologic half-life of 99mTc-macroaggre-
gated albumin in the lungs is approximately 6 h. Once
trapped in the pulmonary arterioles, 99mTc-macroaggre-
gated albumin particles are degraded into smaller particles
and polypeptides, which are taken up by the liver and ulti-
mately eliminated in bile. Although macroaggregated par-
ticles are rapidly cleared and are considered safe in patients
with right-to-left shunts, it seems prudent to minimize sys-
temic microembolization by reducing the number of admin-
istered particles without compromising diagnostic yield.

The pulmonary vasculature of infants shows a rapid
increase from approximately a tenth to a third of the adult
values during the first year of life and reaches approx-
imately half the adult number by the age of 3 y. Although
administration of 6500,000 99mTc-macroaggregated albu-
min particles is considered safe in an adult, the number of
injected particles should not exceed 50,000 or 165,000 in a
1-y-old child (33). In our routine practice, we use fewer
than 10,000 particles in neonates and infants, as well as
in all patients with right-to-left shunts and in patients with
pulmonary hypertension or severe pulmonary disease
(Table 4). Because pulmonary ventilation studies can be
obtained rapidly and effectively using 133Xe gas even in
the smallest patients, air trapping can be documented and
ventilation perfusion ratios can be calculated (34).

Heart

Although nuclear cardiology is not frequently performed
on children, it is useful in several cases. Indications for
pediatric nuclear cardiology in children during the first year
of life include the following: Kawasaki disease; repair of
tetralogy of Fallot; an anomalous left coronary artery depart-
ing from the pulmonary artery; a postarterial switch operation;

FIGURE 7. Pulmonary blood flow and vascular intervention. Pul-

monary perfusion scintigraphy of baby with tetralogy of Fallot. (A)

Initial pulmonary blood flow was 8% for left lung and 92% for right

lung. (B) After pulmonary angioplasty and placement of stent, left
lung had increased to 35% of total pulmonary blood flow.
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cardiomyopathies; cardiac transplantation; estimation of right
ventricular pressure overload or right ventricular hyper-
tension; left-to-right shunts; right-to-left shunts; and deter-
mination of left and right ventricular ejection fractions.
Myocardial perfusion imaging is used in the evaluation of
myocardial ischemia, infarction, and viability in young
children with Kawasaki disease, an anomalous origin of the
left coronary artery from the pulmonary artery, or coronary
ectasia, and patients after the arterial switch operation for
transposition of the great arteries can be evaluated non-
invasively with myocardial perfusion imaging (Fig. 8) (35).

99mTc-methoxyisobutylisonitrile (MIBI) is a first-pass
indicator that accumulates in the myocardium according to
regional myocardial perfusion. After intravenous injection,
this agent concentrates in several organs, including the thy-
roid, myocardium, kidneys, and striated muscle. The agent
clears rapidly from the blood, with less than 8% of the
administered activity remaining in blood at 5 min, and less
than 1% of the tracer is protein-bound in the plasma. The
principal route of elimination of 99mTc-MIBI is the hepato-
biliary system. Tracer activity appears in the intestine within
the first hour after injection. At rest, approximately 1.5% of
the injected dose is taken up in the myocardium, where it
remains fixed, with no redistribution over time. With 99mTc-
MIBI, both resting and pharmacologic stress evaluations can
be performed on children (35,36).
In preparation for myocardial perfusion scintigraphy, the

patient should fast for 2 h before administration of the
tracer. A short intravenous catheter is placed and secured to
the skin with tape, and the line is kept viable with normal
saline. The intravenous line is maintained in place so it can
be used to inject the tracer during pharmacologic stress.
Because 99mTc-MIBI has no significant redistribution over
a 4- to 6-h period, 2 injections of the radiopharmaceutical
are used to obtain rest and stress myocardial perfusion
imaging within the same day. For a single study (rest or
stress) done alone, a dose of 37 MBq (1 mCi) is used. If rest
and stress studies are done on separate days, the same dose
of 99mTc-MIBI can be used for the second study. For rest
and stress studies performed on the same day, a 37-MBq
(1-mCi) dose is suggested for the rest 99mTc-MIBI SPECT
study; 2–4 h afterward, the stress study is performed using a
dose of 74 MBq (2 mCi) given at peak stress. Imaging is
obtained 5 min after tracer administration. Acquisition pro-
tocols should be adapted to individual SPECT systems.
SPECT may be acquired using the following parameters:

120 total projections (60 stops with a dual-detector system)
over 180� with a 128 · 128 matrix for a total of 20–30 min.
Electronic magnification is used according to the patient’s
heart size. After acquisition and reconstruction, the study is
reoriented along the long axis of the left ventricle. Gated
myocardial perfusion SPECT provides information on myo-
cardial contractility, wall motion, end-diastolic and end-
systolic ventricular volumes, ejection fraction, regurgitant
fraction, and cardiac output.

Cardiac transplantation has become a treatment option for
neonates, infants, and children with end-stage cardiomyop-
athy or those with congenital heart disease that cannot be
treated by surgical palliation or repair. Early recognition of
accelerated transplant vasculopathy could be achieved with
myocardial perfusion scintigraphy. Collateral circulation
occurs with some frequency and may be a factor affecting
the detectability of myocardial perfusion abnormalities at
rest. Most young children show adequate perfusion during
the early postoperative period. Along with coronary angiog-
raphy, myocardial perfusion SPECT helps in the diagnosis of
coronary artery disease and myocardial viability (35).

Patients with an anomalous left coronary artery arising
from the pulmonary artery have severe myocardial dysfunc-
tion and ischemia during early infancy. The left ventricle
becomes perfused with desaturated blood and at coronary
pressures that rapidly fall below systemic pressures. Classic
complications include ischemia and infarction of the antero-
lateral left ventricular free wall, followed by mitral valve
incompetence due to infarction of the anterior papillary
muscle. This leads to congestive heart failure in the first year

TABLE 4
Usual Administered Doses of 99mTc-Macroaggregated Albumin

Parameter Newborn 1 y 5 y 10 y 15 y Adult

Body weight (kg) 3.5 12.1 20.3 33.5 55 70
Administered dose (MBq) 7.4 (0.2 mCi) 18.5 (0.5 mCi) 37 (1.0 mCi) 55.5 (1.5 mCi) 92.5 (2.5 mCi) 111 (3.0 mCi)

Range of particles

administered (·100)
10–50 50–150 200–300 200–300 200–700 200–700

FIGURE 8. Kawasaki disease. Infant boy imaged with 99mTc-MIBI

SPECT. (A) Stress study reveals perfusion defect (arrows) in inferior
wall of left ventricle. (B) Rest SPECT shows perfusion in same areas.
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of life. Several surgical techniques have been used to transfer
the anomalous coronary artery back to the aortic cusp.
Myocardial perfusion scintigraphy can assess ventricular
wall damage and evaluate recovery of function after repair
(35). Children with right ventricular hypertension or right
ventricular overload show greater tracer uptake of myocar-
dial perfusion agents in the right ventricular myocardium.
The increased uptake correlates with peak right ventricular
pressures (37).

Left-to-Right Shunts

The recommended procedures for detection and ana-
tomic characterization of left-to-right shunts are ultrasound
and MRI. Radionuclide methods have played a major role
in the past and can be used to quantitate shunts (38,39).
99mTc-pertechnetate is the most commonly used radiophar-
maceutical. The patient should be premedicated with
sodium perchlorate (intravenously) or potassium perchlo-
rate (orally) to reduce thyroid uptake of the tracer. The
recommended administered dose of 99mTc is 74 MBq (2
mCi). The total volume of radiopharmaceutical solution
should not exceed 0.2 mL so that a small rapid intravenous
bolus can be administered. Patients do not need sedation for
this procedure. An intravenous needle (butterfly type, 23–
25 gauge) or a short intravenous catheter is inserted. Once
one is assured that the needle or catheter is properly placed
and that there is no possibility of extravasation, it should be
secured to the patient’s skin. If possible, an antecubital vein
is selected for the injection. Other venous sites can be used
as long as they are patent and can tolerate a rapid 1- to
3-mL saline flush. The patient is placed supine on the imag-
ing table. The g-camera, equipped with a parallel-hole,
high-sensitivity collimator, is positioned over the patient’s
chest. The field of view extends from the suprasternal notch
to just below the xyphoid and covers both pulmonary fields.
Radionuclide angiocardiography for the assessment of left-
to-right shunting is recorded at 2 or 4 frames/s for 25 s on a
128 · 128 matrix or in list mode. Injection technique is of
utmost importance for quantitation of left-to-right shunts.
The volume of saline flush should be approximately 1–3
mL in infants. The tracer should not be injected while the
patient is crying or producing Valsalva maneuvers. Increase
in intrathoracic pressure can cause bolus fragmentation and
render the study inadequate. Injecting the tracer with the
saline simultaneously allows rapid, uniform delivery of the
tracer with uninterrupted saline flushing. If the radioactive
bolus is fragmented, deconvolution analysis ensures a high
percentage of successful studies.
Left-to-right shunts can be easily quantitated by analysis

of the pulmonary time–activity curve in first-pass radionu-
clide angiography (Fig. 9). This method can accurately quan-
tify left-to-right shunts of pulmonary-to-systemic flow ratios
between 1.2 and 3.0 (38,39). For determination of right and
left ventricular ejection fraction, radionuclide angiocardiog-
raphy should be recorded at a minimum rate of 25 frames per
second for 25 s on a 128 · 128 matrix or in list mode.

Normal values of right and left ventricular ejection fractions
using first-pass radionuclide angiocardiography have been
determined in children (40).

Hepatobiliary Indications

The most frequent indications for hepatobiliary scintig-
raphy during the first year of life are the differentiation of
biliary atresia from hepatocellular disease and the diagnosis
of choledochal cysts. Hepatobiliary scintigraphy can exclude
the diagnosis of biliary atresia by demonstrating biliary
passage of the radiopharmaceutical into bowel. When this
passage cannot be demonstrated, the diagnosis of biliary
atresia is highly suspected (Fig. 10). The definitive diagno-
sis of biliary atresia requires percutaneous or intraoperative
transhepatic cholangiography. Hepatobiliary scintigraphy
repeated after a few days may be helpful in newborns in
whom excretion of tracer in the bowel is not demonstrated
on an early single examination.

In jaundiced infants, pretreatment with phenobarbital
increases biliary secretion and facilitates the differentiation
of neonatal hepatitis from biliary atresia. Phenobarbital is
given for 3–5 d before hepatobiliary scintigraphy in doses
of 5 mg/kg/d (41). In neonatal jaundice, hepatobiliary scin-
tigraphy after phenobarbital therapy is highly accurate for
differentiating biliary atresia from other causes of neonatal
jaundice. Hepatobiliary scintigraphy has 97% sensitivity
and 82% specificity (91% accuracy) in the diagnosis of
biliary atresia. A simple visual grading that includes the

FIGURE 9. Left-to-right shunt. First-pass radionuclide angiogram

of infant with pulmonary-to-systemic flow ratio (Qp:Qs) of 1.7. LV 5
left ventricle; RV 5 right ventricle. A 5 area under curve for first

pulmonary circulation; B 5 area corresponding to early pulmonary
recirculation (A/A 2 B 5 Qp:Qs).
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assessment of hepatocyte clearance and timing of radio-
tracer appearance in the intestine or extrahepatic biliary
system for the evaluation of biliary atresia is helpful. In a
normal study, radiotracer appears in the biliary tract or
intestine within 15 min after injection. The scintigraphic
diagnosis of biliary atresia is made when there is no intes-
tinal activity through 24 h and hepatocyte uptake is high or
relatively preserved. Studies are interpreted as compatible
with hepatocellular damage when there is impaired hepato-
cyte uptake with a delayed hepatobiliary transit time, and
radiotracer reaches the intestine (42).

Gastric Emptying, Gastroesophageal Reflux,
Aspiration, and Esophageal Transit

Gastroesophageal reflux is common in babies. Some
infants with gastroesophageal reflux present with respiratory
symptoms including apnea, recurrent pneumonia, wheezing,
recurrent stridor, and a chronic cough. Radionuclide assess-
ment of gastric emptying is physiologic, noninvasive, and
safe. Using a liquid meal, this method is useful both for
assessment of gastric emptying and for diagnosis of gastro-
esophageal reflux. Radionuclide assessment of gastroeso-
phageal reflux has advantages over conventional upper
gastrointestinal series, as it is more sensitive, delivers a
lower radiation exposure, monitors events continuously,
does not involve administration of contrast agents, and
does not require abdominal compressions.
In newborns and infants, gastric emptying is evaluated

using milk or formula mixed with 99mTc-sulfur colloid. The
patient should have been fasting for approximately 4 h
before the study. Barium studies should not be obtained
within 48 h before scintigraphy. The total volume of milk

or formula to be administered should be approximately the
same as the child usually takes in a regular meal. The tracer
is mixed with approximately a third of the total expected
volume to be administered, followed by the nonradioactive
volume. Oral feeding is preferred, but depending on the
patient’s condition, labeled formula or milk can be admin-
istered by nasogastric or gastrostomy tube.

The patient is placed supine on the imaging table, and the
g-camera, equipped with a low-energy high-resolution col-
limator, is placed under the table. An initial image is used
to determine the amount of tracer that has already left the
stomach. Dynamic imaging is obtained for 60 min at 1
frame/min. Regions of interest are marked over the stom-
ach, the esophagus, the rest of the abdomen, and the back-
ground, and time–activity curves, corrected for decay, are
obtained. The gastric time–activity curve after placement of
the child on the examining table provides another measure
of gastric emptying time. Results are expressed as the per-
centage of the initial activity in the stomach (43–45). There
are no widely accepted standards of normal gastric empty-
ing times in this group. A study on healthy infants revealed
a 1-h normal gastric residual of 48%–70%. Another study
showed that gastric emptying at 1 h in children younger
than 2 y was 27%–81%. Gastric emptying time is affected
by the position of the patient and other factors such as type
and volume of food, patient anxiety, and pain. Children that
show slow gastric emptying when supine can show rapid
emptying by a simple change of position (45).

Pulmonary Aspiration

Pulmonary aspiration is a frequent cause of lung disease in
children. Common imaging studies have traditionally included
barium swallows, upper gastrointestinal series, and gastro-
esophageal scintigraphy, but these approaches have shown
low diagnostic yield for aspiration. The infrequent dem-
onstration of aspiration with radionuclide gastroesopha-
geal studies suggests that aspiration of gastric contents is
not a common mechanism of recurrent pulmonary infec-
tions in children.

The radionuclide salivagram has proven to be a sensitive
and simple method for detecting pulmonary aspiration of
oral contents (46–48). No patient preparation is required for
the salivagram. A single drop of saline containing 3.7–7.4
MBq (0.100–0.200 mCi) of 99mTc-sulfur colloid is delivered
sublingually. Typically, the patient is imaged for 60 min at 1
frame/min in the supine position with a g-camera viewing
the posterior aspect of the head, thorax, and abdomen. It is
important to identify any contamination of tracer outside the
patient’s body that could be confused with aspiration.

Images are inspected for tracer aspiration into the prox-
imal or distal airways (Fig. 11). Tracer deposited in the
proximal airways tends to be cleared rapidly by the muco-
ciliary epithelium, whereas tracer reaching the distal air-
ways (where there is less ciliary epithelium) persists
longer. By assessing the ability to clear aspirated secretions,
the radionuclide salivagram evaluates the functional integ-

FIGURE 10. Hepatocellular disease and biliary atresia. (A) New-
born girl with hepatocellular disease. Selected images from 99mTc-

disofenin scintigraphy at 5, 20, and 60 min reveal tracer elimination

into bowel (arrows). (B) One-week-old boy with biliary atresia.
Selected images from 99mTc-disofenin scintigraphy at 5 min,

60 min, and 24 h do not show tracer in bowel. Large portion of

tracer is eliminated by kidneys.
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rity of airway-protective mechanisms. Aspiration into the
distal airways suggests a more worrisome outcome than
proximal aspiration. The whole-body radiation dose to the
patient is approximately 0.05 mSv (5 mrem), whereas barium
swallow delivers a higher radiation dose (46–48).

Gastrointestinal Bleeding

The most common cause of lower gastrointestinal
bleeding in previously healthy infants is from a Meckel’s
diverticulum. This is a congenital abnormality of the
antimesenteric duct that is the result of incomplete clo-
sure of the embryonic vitelline or omphalomesenteric
duct. Bleeding from a Meckel’s diverticulum is a result
of peptic ulceration of ileal mucosa either in the diver-
ticulum or in the adjacent ileum. The typical presentation
of a bleeding Meckel’s diverticulum is painless rectal
bleeding of bright red blood. Most infants presenting
with bright red bleeding from a Meckel’s diverticulum
contain functioning ectopic gastric mucosa (49–52).
Premedication with perchlorate should be avoided because

it suppresses tracer uptake in gastric mucosa. Scintigraphy is
performed with 99mTc-pertechnetate injected intravenously
(9.25 MBq [0.25 mCi]). The patient lies supine with the
g-camera viewing the lower thorax, abdomen, and pelvis.
If indicated, a radionuclide angiogram should be obtained
to evaluate for vascular malformations. Recording is set at
1- to 5-s frames for 60 s, followed immediately with a series
of 1-min images for 30 min (52).
The scintigraphic appearance of a Meckel’s diverticulum

is typical. A well-defined area of increased radiopertechne-
tate uptake, usually in the right lower quadrant, is seen.
This area can move and be located anywhere in the abdo-
men. Pertechnetate uptake in the ectopic gastric mucosa
appears at the same time as activity in the stomach and
shows increasing intensity over time. Lateral and posterior
images are helpful to differentiate this activity from tracer
within the ureters and the bladder. Because a Meckel’s
diverticulum could lie near the urinary bladder, preventing
detection, obtaining other views or ensuring that the blad-

der is empty helps detection (50). If the initial 30-min study
appears normal in newborns or young infants and a Meckel’s
diverticulum is strongly suspected, the physician may con-
sider obtaining additional images 1–2 h later to achieve
higher lesion-to-background ratios. If the index of suspicion
is high, a scan repeated a few months later may reveal func-
tioning ectopic mucosa.

The accuracy of pertechnetate for the diagnosis ofMeckel’s
diverticulum in surgical patients is 90%, the overall sensi-
tivity is 85%, and the specificity is 95% (51). Enteric dupli-
cation, duplication cysts, and gastrogenic cysts are other
abnormalities that may contain ectopic gastric mucosa.
Other conditions, not containing gastric mucosa, that may
accumulate pertechnetate include intestinal obstruction or
intussusception, inflammation, vascularmalformations, ulcers,
some tumors, and various urinary tract abnormalities, but
these are usually easy to recognize (52).

Spleen

Splenic scintigraphy using 99mTc-heat-damaged red blood
cells is an effective method in the diagnosis of functional
asplenia or polysplenia in these small patients (53).

Kidneys

Radionuclide evaluation of renal function is one the most
frequent indications in children during the first year of life.
Clinical applications of these methods include obstruction,
postoperative assessment, pyelonephritis, duplication, ectopic
kidney or nonvisualization of a kidney, renal vein thrombosis,
acute renal failure, multicystic dysplastic kidney, reflux,
trauma, transplant, and tumors (abdominal or renal) (54).
The 2 principal radiopharmaceuticals used in this group of
patients are 99mTc-MAG3 to evaluate tubular function, split
renal function, and collecting system drainage and 99mTc-
DMSA to image the renal cortex to assess split renal function
and cortical defects.

99mTc-MAG3 is the agent of choice for dynamic renal
scintigraphy and can effectively evaluate renal function and
urine drainage. After intravenous injection, 99mTc-MAG3 is

FIGURE 11. Aspiration and salivagram. In

18-d-old boy, tracer mixed with patient’s
saliva migrates down esophagus (E) into

stomach (S). Aspirated activity in mainstem

bronchi is seen from 120 s to 16 min

(arrows, A). By 18–20 min, aspirated secre-
tions have cleared. At 24 min, tracer is aspi-

rated again but is cleared again.
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eliminated rapidly by the kidneys, mainly by active tubular
cell transport. The plasma clearance of this tracer is approx-
imately 300 mL/min, and after 3 h approximately 90% of
the injected dose can be recovered in urine. 99mTc-MAG3
has a high initial renal uptake and provides a high kidney-
to-background ratio and high temporal resolution. An intra-
venous line is secured and connected to a saline infusion at
10 mL/kg, which is maintained throughout the study. A
bladder catheter is inserted if urinary tract obstruction is
suspected in patients with vesicoureteric reflux, ureteropel-
vic obstruction, or ureterovesical obstruction or in young
patients who may not be able to void on command. The
g-camera, equipped with a parallel-hole high- or ultra-high-
resolution collimator is placed under the examination table
viewing the kidneys and the bladder. The usual adminis-
tered dose of 99mTc-MAG3 is 3.7 MBq (0.1 mCi)/kg in
approximately 0.1 mL given intravenously. The study is
recorded for 20 min at 1–4 frames/min on a 128 · 128
matrix format. If, at the end of the 20-min acquisition
period, spontaneous urine drainage from the pelvicalyceal
system is not seen, the infant is picked up and held upright
for a few minutes to promote drainage. Then, a static image
is obtained and is compared with the previous images to
determine postural drainage. If drainage is adequate, the
study is ended. If the image still shows tracer retained
in the pelvicalyceal system, a diuretic challenge may be
considered. Furosemide (1 mg/kg) is administered intrave-
nously while an additional 30-min dynamic study is re-
corded at 1–4 frames/min. The study is typically viewed
at 1 frame/min, and time–activity curves are generated from
regions over the kidneys (whole kidney, cortex) and back-
ground. A normal dynamic renal study reveals rapid and
intense tracer concentration in the renal cortex at approx-
imately 2 min after injection. Passage of the tracer into the
renal pelvicalyceal system normally occurs at 2–4 min. The
parenchymal phase (60–120 s) provides information about
total renal function, relative renal size, position, configura-
tion, and split renal function. The parenchymal image can
reveal hydronephrosis, a duplex kidney, or other relatively

large anatomic abnormalities. During the drainage phase,
the tracer is gradually eliminated into the bladder through
the pelvicalyceal system and ureters. By 20 min, a large
proportion of the tracer has left the kidneys and less than
30% of the peak activity may remain in the renal region. If
the patient moved during the study, motion correction is
applied. Images and time–activity curves are also generated
after the administration of furosemide. These curves are
evaluated to determine whether there is obstruction, inter-
mediate drainage, or no obstruction (Figs. 12 and 13).

During the first months of life, renal immaturity affects
the handling of 99mTc-MAG3, and interpretation of studies
must take this factor into account. Immature kidneys show
relatively low uptake of 99mTc-MAG3 and slower cortical
transit times, with prolonged time to peak and increased
residual tracer at 20 min. As renal maturation takes place,
function matures and handling of 99mTc-MAG3 approaches
adult levels. In renal immaturity, 99mTc-MAG3 studies may
over- or underestimate the true contribution of a hydro-
nephrotic kidney to total renal function. In these cases, a
99mTc-DMSA scan provides a better assessment of differ-
ential renal parenchymal function.

99mTc-DMSA is the radiopharmaceutical of choice for
renal cortical scintigraphy. It is 90% bound to plasma pro-
teins, and 0%–5% is bound to red cells. Its blood disappear-
ance follows a single exponential with a mean half-time of
60 min, and 6%–9% of the dose is present in the blood at 14
h after injection. Renal uptake of 99mTc-DMSA is 40%–
50% of the injected activity at 3–4 h after injection. Activ-
ity is found principally in the proximal convoluted tubules,
with minimal activity elsewhere in the kidney. Renal uptake
of 99mTc-DMSA is closely correlated with regional renal
blood flow and renal mass (55–57). 99mTc-DMSA is admin-
istered intravenously 3–4 h before imaging. The usual
administered dose is 1.85 MBq (0.05 mCi)/kg. In children
younger than 1 y, planar and pinhole images are obtained.
The planar images are useful for evaluating the position and
overall configuration of the kidneys and for calculating split
renal function. The pinhole images provide higher resolu-

FIGURE 12. Renal immaturity, left

obstruction, and effect of pyeloplasty. Pre-
and postoperative 99mTc-MAG3 studies

from 8-mo-old girl with preoperative diagno-

sis of left hydronephrosis. (A) Preoperative
study shows dilatation of left kidney with

reduced function (37%) and drainage before

and after furosemide, indicating obstruction.

Also, note immaturity of right kidney with
prolonged transit time and high residual

activity at 20 min after tracer administration.

(B) Since pyeloplasty 5 mo earlier, left kid-

ney regained function (now 49%), and post-
furosemide half-time (T1/2) washout is

2.4 min. Right kidney has matured, and right

time–activity curve shows earlier peak and
normal rapid washout before furosemide.
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tion to detect focal cortical defects. The patient is examined
supine, and a posterior image containing 300,000–500,000
counts on a 256 · 256 matrix is recorded using a high-
resolution or an ultra-high-resolution collimator. Posterior
images with the patient prone are obtained with the pinhole
collimator (2- to 4-mm aperture), which provides resolution
of approximately 2–3 mm. Cortical defects in pyeloneph-
ritis, infarction, scarring, duplication, and fetal lobations
can be discerned better with pinhole magnification than
with parallel-hole collimators. Each pinhole image is
obtained for approximately 150,000 counts in a 256 · 256
matrix and requires approximately 10 min. The normal
differential renal uptake of 99mTc-DMSA is 50% 6 5%
(54). A small amount of 99mTc-DMSA is eliminated in the
urine, and in children with hydronephrosis unrecognized
pooling of tracer in the pelvicalyceal system could lead to
a misleading assessment of differential renal function. In
these cases, an image obtained 12–24 h after tracer admin-
istration, allowing for a more complete drainage of retained
tracer, should permit a better estimate of differential renal
function. Also, a 99mTc-DMSA image is useful when 99mTc-
MAG3 does not reveal much renal function.
After prenatal diagnosis of hydronephrosis, there are

important clinical questions that should be answered so that
appropriate treatment can be instituted. These questions
include how much function the hydronephrotic kidney has,
whether renal obstruction is present, and whether the pro-
blem is unilateral or bilateral. 99mTc-MAG3 renography can
help answer these questions rapidly and efficiently. Early
99mTc-MAG3 studies on the newborn or infant with hydro-
nephrosis may reveal obstruction, an intermediate pattern,
or a dilatation of the pelvicalyceal system without obstruc-
tion. Early findings are not generally predictive of the ulti-
mate outcome but are considered a useful snapshot in time
during renal maturation (54–56,58–64). If immediate sur-
gical intervention is not indicated after the initial study,
reassessment in 3–6 mo should be considered. Subsequent
studies may indicate spontaneous resolution or progression
of the disorder. Patients with hydronephrosis and normal or

nearly normal cortical transit times have a high likelihood
of recovery of renal function postoperatively, whereas pro-
longed cortical transit times are associated with a poorer
prognosis for functional improvement. Postoperative dynamic
renal studies are useful for patients who have undergone
pyeloplasty or another intervention for the relief of ob-
struction. Postoperative studies should be performed ap-
proximately 2 wk after surgery to reduce the effects of
postoperative swelling and edema. Postoperative 99mTc-
MAG3 studies may reveal a reduction in the size of the
previously hydronephrotic kidney with return to more
normal function. However, the dilated system may not
be completely resolved. Although postoperative 99mTc-
MAG3 studies may show residual obstruction, a diuretic
challenge may help separate those patients in whom the
surgery successfully relieved the obstruction from those
with residual obstruction.

If prenatal ultrasonography demonstrates a single or
solitary kidney, a 99mTc-DMSA scan can be useful in con-
firming the presence of a solitary kidney or in identifying a
previously undetected ectopic kidney.

Pyelonephritis in young children may present with
symptoms that vary and can be confusing. Differentiation
of upper from lower urinary tract infection on clinical
grounds alone is not easy. Neonates and infants, in particular,
present with nonspecific clinical findings such as fever,
abdominal pain or tenderness, malaise, irritability, or leukocy-
tosis with or without bacteriuria, but theremay be no indication
of renal infection. 99mTc-DMSA scintigraphy is the most
reliable, simplest, and most sensitive method for the early
diagnosis of focal or diffuse functional cortical damage. This
test can identify the degree of renal damage and assess recov-
ery of function after treatment. The high sensitivity of 99mTc-
DMSA scintigraphy for the diagnosis of pyelonephritis is
well established. Sensitivity is 96%, and specificity is better
than 98% (62–64).

Renal duplication can be detected by 99mTc-DMSA scin-
tigraphy. Duplication may not easily be seen with high-
resolution collimators, but pinhole magnification can

FIGURE 13. Immaturity, maturation, and
worsening. 99mTc-MAG3 studies from 9-

mo-old girl taken 6 mo apart, with no sur-

gery performed between examinations. (A)

Right kidney is hydronephrotic and shows
no evidence of spontaneous drainage dur-

ing first 20 min. After furosemide administra-

tion, washout half-time (T1/2) is 3 min, but
with residual activity of 30%. Time to peak is

long, and transit of tracer in right kidney is

slow. (B) Six months later, hydronephrotic

right kidney continues to show no evidence
of spontaneous drainage. After furosemide,

half-time washout is quite prolonged, with

residual activity of 70%. Left kidney shows

signs of maturation. Time to peak is close to
normal, and drainage is normal.
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clearly reveal this abnormality and evaluate function of the
different moieties.
Multicystic dysplasia of the kidney is the most frequent

cystic disorder of infants. In approximately 75% of the cases,
99mTc-DMSA scintigraphy does not demonstrate tracer up-
take in the involved kidney. However, in some instances
some variable tracer uptake can be seen in regions of dis-
torted renal cortex. Often this uptake can be demonstrated
only with computer enhancement. The scintigraphic appear-
ance of multicystic dysplasia of the kidney can occasionally
be similar to neonatal hydronephrosis.
In anuric newborns during the first day of life, radio-

nuclide studies can demonstrate the presence of functional
renal units even before the baby is able to urinate.

Vesicoureteral Reflux (VUR)

VUR is due to a failure of the ureterovesical valve
mechanism caused by a congenital variation, a pathologic
process, an infection, or immaturity that distorts the anat-
omy or function (or both) of the ureterovesical junction.
The incidence of VUR in apparently healthy neonates and
infants is approximately 1%. The diagnosis, follow-up, and
treatment of VUR is based on the premise that in children
with a history of urinary tract infection, persistent and
untreated VUR may lead to renal damage. Most VUR tends
to disappear withmaturation. Spontaneous cessation of reflux
occurs in approximately 70% of children and 79% of ureters.
Spontaneous resolution of reflux is more frequent with low-
grade reflux and is less frequent with high grades of reflux,
although spontaneous resolution can occur even with high
grades of reflux (65,66). Radionuclide cystography (RNC)
can be used effectively in children younger than 1 y (67).
The indications for RNC in children less than 1 y old

include the following: an initial diagnosis of reflux in pa-
tients with signs and symptoms of urinary tract infection,
follow-up of an earlier diagnosis of reflux to assess sponta-
neous cessation, diagnosis of familial reflux, and postop-
erative assessment of antireflux surgery.
RNC is sensitive, because it provides continuous mon-

itoring both during filling of the bladder and during voiding
and has a high contrast, enabling detection of reflux as
slight as 0.2 mL (68,69). There is no need for patient prep-
aration or sedation. Sterile urethral catheterization trays
containing all needed materials are prepared for each study
in advance. The patient is positioned supine on the exami-
nation table, which is covered with absorbent plastic-lined
material to collect any contamination. After appropriate
cleansing of the perineum and genitals with antiseptic sol-
ution, a small-diameter catheter covered with anesthetic
jelly is introduced into the patient’s bladder. Careful and
gentle catheterization technique by experienced personnel
is essential to ensure consistently successful studies. 99mTc-
pertechnetate (37 MBq [1 mCi]) is introduced into the
bladder, followed by a saline infusion with the saline bag
kept 70–90 cm above the bladder. Serial posterior images
are obtained with the g-camera (0.25-s frames at a 128 ·

128 matrix) until the patient’s functional bladder capacity is
reached and the patient is able to void either around the
catheter or immediately after catheter removal (69). If the
patient cannot void or does not void after complete bladder
filling, a postvoid image is obtained. This step is important
because approximately 20% of reflux is detected only dur-
ing voiding. Residual bladder volume, voided volume,
bladder capacity, and any problems during the catheteriza-
tion should be documented.

Reflux can be detected during one or all phases: early,
mid, or late filling; voiding; and after voiding. The inter-
national classification of reflux by vesicoureterogram in-
cludes 5 grades (I–V) of severity (65). RNC classification
includes 3� of increasing severity: RNC grade 1 refers to
reflux within the distal ureter only and not reaching the
renal pelvis (equivalent to vesicoureterogram grade I). Typ-
ically, 0.2 mL of reflux that projects at least 2 cm away
from the projected border of the bladder can be detected.
RNC grade 2 refers to reflux that reaches the renal pelvis,
without pelvic dilatation and without a dilated or redundant
ureter (equivalent to vesicoureterogram grades II and III).
RNC grade 3, the most severe, shows reflux into the renal
pelvis with significant dilatation of the pelvis or tortuosity
of the ureter (equivalent to vesicoureterogram grades IV
and V) (68).

Approximately two thirds of all VUR resolves sponta-
neously as a result of growth and maturation. Low-grade
VUR varies from examination to examination. VUR varies
also with bladder volume, voiding or filling, patient position,
and level of anxiety. Thus, a single normal examination may
not be sufficient to ensure that reflux has ceased. Serial
cystograms over several (6–12) months can be more reassur-
ing, and in the small number of patients with apparently
resolved VUR, another urinary infection may be an indica-
tion for a repeated RNC.

The incidence of VUR in siblings of children with reflux
is approximately 40%. We have found that reflux severity in
these asymptomatic children varies widely from mild to
severe (68–70). The incidence of renal cortical damage in
these siblings with VUR is high (68,71–74). Thus, when
VUR is diagnosed in a child, evaluation for VUR is appro-
priate in the siblings (74,75).

Radiation exposure in children undergoing RNC was
estimated at 0.18 mGy (18 mrad) to the bladder wall and at
0.01 mGy (1 mrad) to the ovaries. The testicular dose is
lower than the dose to the ovaries. The dose to the ovaries is
much less with RNC than with a conventional vesicour-
eterogram, even with the use of pulsed fluoroscopy.

Bone

Indications for skeletal scintigraphy in children under 1 y
old include osteomyelitis, trauma, avascular necrosis, Lan-
gerhans cell histiocytosis, fever of unknown origin, and
neoplastic disease (76). Skeletal planar scintigraphy and
SPECTwith 99mTc-MDP, as well as 18F-NaF PET, are useful
imaging tools. The usual administered dose of 99mTc-MDP is
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37 MBq (1 mCi). The usual 18F-NaF PET dose is 18.5 MBq
(0.5 mCi). PET is acquired 15–30 min after the intravenous
injection. The effective dose for 18F-NaF PET for a 1-y-old
patient is estimated at 3.1 mSv (310 mrem) (77).
Image interpretation in infants requires special attention

due to the differences in radiopharmaceutical biodistribu-
tion between immature children and adults. In infants, an
important consideration is the absence of 99mTc-MDP or
18F-NaF uptake in structures that have not yet ossified.
For example, the femoral capital epiphysis ossifies between
the ages of 2 and 7 mo, and absence of uptake should not be
confused with avascular necrosis. The tarsal navicular bone
usually ossifies after the age of 1 y, and radiotracer uptake
is absent in infants. The cartilaginous junction between
the inferior pubic ramus and the ischium (ischiopubic syn-
chondrosis) ossifies after the age of 4 y. Therefore, in in-
fants, there is physiologic discontinuity of the inferior pubic
ramus. In contrast, there is high radiotracer uptake in the
physeal growth centers of long bones and the apophyseal
growth centers of flat and irregular bones. Infants have
physiologically increased uptake in the apophyses at the
inferior tip of the scapula and the vertebral transverse proc-
ess. Normally, there is high tracer uptake in the skull base,
orbits, nasal region, temporomandibular joints, and cranial
sutures, whereas absence of uptake may be seen in the
region of the anterior fontanelle. As growth centers close,
the biodistribution of 99mTc-MDP gradually reaches the
adult pattern (76–84). One special indication in this age
group is evaluation for skeletal injury in suspected cases
of child abuse (85).

Infection and Inflammation

Infection is a common indication for skeletal scintig-
raphy in infants. Early diagnosis and treatment of osteo-
myelitis is important to avoid complications such as sepsis,
growth arrest, and skeletal injury. Skeletal scintigraphy is a
reliable tool for the diagnosis of osteomyelitis even in the
youngest patients (79). Three-phase skeletal scintigraphy
can demonstrate abnormalities within 24–72 h of symptom
onset and is both sensitive and specific for osteomyelitis
(Fig. 14) (76). Whole-body imaging is helpful because symp-
toms may not be localized and findings may be multifocal.
Diagnostic aspiration and antibiotic treatment do not need
to be delayed, because the appearance on scintigraphy does
not change rapidly. Photopenic defects may indicate regional
ischemia.
Septic arthritis or inflammation of a joint typically involves

the hip or knee in children less than 3 y old. Timely diagnosis
is important to avoid complications. Skeletal-phase images
may be normal or demonstrate mildly increased juxtaarticular
uptake. Reduced tracer uptake may occasionally be seen,
such as in the presence of a tense joint effusion. In cellulitis,
skeletal scintigraphy reveals increased regional blood flow
and increased tracer accumulation in the soft tissue in the
region involved and a normal or slightly and diffusely in-
creased tracer concentration in the adjoining bones (Fig. 15).

Fever of Unknown Origin

The term fever of unknown origin is defined as recurrent
fever of 101�F (38.3�C) or higher, lasting 2–3 wk or longer
with no specific diagnosis after 1 wk of inpatient investiga-
tion. The differential diagnosis of fever of unknown origin in
infants is broad and includes infection, connective tissue
disease, and neoplasm. Skeletal scintigraphy is a sensitive
tool for the detection of osseous disease and is often
requested in the evaluation of infants with fever of unknown
origin. However, in our experience, skeletal scintigraphy
usually adds little diagnostic information, without localizing
findings, in the assessment of infants presenting to the emer-
gency department with fever.

If skeletal scintigraphy is performed, the physician should
pay close attention to subtle soft-tissue uptake, which may
identify the location of an occult inflammatory or neo-
plastic process. 18F-FDG PET has the potential to identify
soft-tissue lesions (inflammation, tumors).

Trauma and Nonaccidental Injury

In infants with suspected trauma, the history of injury is not
always available and clinical localizing findings may not be
present. Furthermore, trauma from suspected nonaccidental
injury often results in multiple skeletal fractures at different
stages of healing. Skeletal scintigraphy offers a highly
sensitive imaging tool for evaluation of the entire skeleton
(84). Osseous stress or fracture may be identified on skeletal
scintigraphy by increased radiotracer uptake within a few
hours of symptom onset and before radiographic changes
appear (80,81). Although MRI is sensitive for the detection
of osseous disease and does not expose the infant to ionizing
radiation, it has a limited field of view and usually requires
sedation. Skeletal trauma and fractures are a common presen-
tation in infants suspected of child abuse. The detection of all
fractures is essential in this clinical setting because the discov-
ery of new fractures has the potential to alter the medicolegal

FIGURE 14. Osteomyelitis. In 6-mo-old boy with osteomyelitis of
right femur (arrows), tracer uptake is increased along entire femur,

with greater intensity in right distal femur.
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management of the patient. Skeletal scintigraphy is estab-
lished as a study complementary to the radiographic skeletal
survey, and some authors have recommended that both studies
be done (82,83). The sensitivity of standard 99mTc-MDP skel-
etal scintigraphy for the detection of fractures varies greatly
depending on the location of the lesion (Fig. 16) (78,83).

18F-NaF PET has recently been proposed as an alterna-
tive to 99mTc-MDP in the evaluation of child abuse. 18F-
NaF has less protein binding in blood than 99mTc-MDP,
allowing imaging at about 15 min after administration
(77,85). Both 99mTc-MDP and 18F-NaF PET are effective
in child abuse and show an overall higher sensitivity than an
initial radiographic skeletal survey. 18F-NaF PETwas found
to have a sensitivity of 92% for the detection of rib frac-
tures, versus 68% by skeletal survey (85). Comparative
studies of the relative sensitivity and specificity of 99mTc-
MDP, planar imaging, SPECT, and 18F-NaF PET in chil-
dren less than 1 y old are not available.

Oncology

Oncologic disorders of infancy account for approximately
10% of all cancer diagnoses in children younger than 15 y
(86). It is estimated that the peak age for pediatric cancer is
the first year of life. Neuroblastoma is the most commonly
diagnosed tumor in this age range, followed by leukemia and

brain tumors, germ cell tumors, and other soft-tissue tumors
(Fig. 17) (87). Nuclear medicine is an effective way to diag-
nose, stage, and survey cancer in infants (88). The radio-
pharmaceuticals used for planar oncologic scintigraphy
include 99mTc-MDP, 123I-MIBG, and 99mTc-MIBI. SPECT
provides increased contrast, and newer reconstruction meth-
ods provide improved spatial resolution (10–12). Further-
more, SPECT may be fused with MRI or CT for anatomic
localization. 18F-FDG PET is increasingly being used in
pediatric oncology, although the exact role of PET in infants
has not yet been established.

Neuroblastoma

Neuroblastoma, ganglioneuroblastoma, and ganglioneur-
oma are tumors of the sympathetic nervous system. These
tumors arise from the neural crest cells that form the
sympathetic tissue. Neuroblastoma is the most frequently
diagnosed malignancy within the first few months of life.
Neuroblastoma most commonly involves the adrenal glands,
or it may be associated with sympathetic nerves in the
cervical, posterior mediastinal, retroperitoneal, and presacral
regions. Less common sites of disease include the thymus,
lung, kidney, anterior mediastinum, stomach, and cauda
equina (88). Disseminated disease is seen in approximately
70% of neuroblastoma cases at diagnosis (89).

123I-MIBG and 99mTc-MDP skeletal scintigraphy play a
key role in the diagnosis, staging, and follow-up evaluation
of infants with neuroblastoma (90,91). 123I-MIBG scintig-

FIGURE 15. Cellulitis. In 5-mo-old girl, 99mTc-MDP radionuclide
angiogram (A) shows increased tracer delivery (arrow) in soft tissue

in region of left distal femur, tissue-phase image (B) shows diffusely

increased tracer accumulation (arrow) in region surrounding left dis-
tal femur and in region of growth plate, and skeletal-phase images

(C and D) show minimal increased tracer uptake (arrows) in growth

centers of distal femur and proximal tibia.

FIGURE 16. Nonaccidental trauma. (A) On 99mTc-MDP scan of

2.5-mo-old boy, skeletal injuries from child abuse are seen. Multiple
regions of increased tracer uptake (arrows) are seen in left skull, left

clavicle, several ribs bilaterally, right distal radius and ulna, some

phalanges of both hands, left iliac bone, femurs, and left tibia. (B) On
99mTc-MDP scan of 3.5-mo-old girl, multiple regions of increased
uptake (arrows) are seen in both humeri, right scapula, right distal

femur, and right tibia.
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raphy and SPECT are both sensitive and specific for the
detection of primary and metastatic neuroblastoma. 123I-
MIBG is highly specific in the diagnosis of neuroendocrine
tumors. Physiologic 123I-MIBG uptake can include the sali-
vary glands, myocardium, liver, spleen, adrenal glands,
skeletal muscle, brown adipose tissue, bladder, and colon
(91,92).
Although most neuroblastoma tumors are 123I-MIBG–

positive, a normal 123I-MIBG scintigraphy result does not
completely exclude malignancy. 99mTc-MDP scintigraphy
provides additional helpful findings in the evaluation of
children with neuroblastoma. 99mTc-MDP is taken up by
soft-tissue disease but is predominantly taken up by cortical
metastases (91,93). 18F-FDG PET may be used in the eval-
uation of infants with neuroblastoma. 18F-FDG is avidly
taken up at sites of disease, and recent reports suggest that
18F-FDG PET and 123I-MIBG scintigraphy may provide
complementary information. 123I-MIBG is specific and
superior to 18F-FDG PET for the detection of neuroblas-
toma, but 18F-FDG PET may be helpful in the evaluation of
tumors that weakly accumulate 123I-MIBG (92). The role of
18F-FDG PET or 18F-FDG PET/CT in the evaluation of in-
fants with neuroblastoma has not been established.
Antihypertensive medication, tricyclic antidepressants,

and sympathomimetics should be discontinued, if possible,
because they interfere with 123I-MIBG uptake. A supersatu-
rated solution of potassium iodide should be prescribed to
reduce 123I uptake by the thyroid gland. Specifically, the
infant is given 1 drop of a solution of potassium iodide by
mouth 3 times a day starting the day before 123I-MIBG injec-
tion and continuing for 3 d. If the infant is allergic to iodine,
200 mg of orally administered potassium perchlorate are
recommended, starting the day before 123I-MIBG injection
and continuing for 3 d. The usual dose of 123I-MIBG is 37
MBq (1 mCi). 123I-MIBG is administered by slow intrave-

nous injection over 2 min. Whole-body planar scintigraphy
is normally obtained 24 h after tracer injection. SPECTof the
neck, thorax, abdomen, and pelvis is routinely obtained at
our institution. It is estimated that the effective dose for a
123I-MIBG scan in a 1-y-old child is 2.5 mSv (250 mrem)
with the above-administered dose (94).

Standard treatment of neuroblastoma may include sur-
gery, chemotherapy, and radiation depending on the stage
and biologic factors of the tumor (88,89). 131I-MIBG radio-
therapy has been used as palliative therapy in children with
neuroblastoma.

Other tumors of infancy include Wilms tumors, germ cell
tumors, soft-tissue tumors, lymphoma, and hepatic tumors,
among others. Wilms tumor (or nephroblastoma) is the
most common pediatric renal malignancy (95). The typical
clinical presentation for these tumors is an asymptomatic
abdominal mass. Anatomic imaging is commonly per-
formed first in the evaluation of these patients. Scintigraphy
and PET are infrequently used (89) but may identify sites of
disease (96,97). The role of 18F-FDG PET in infants with
soft-tissue tumors has not yet been established.
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