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Nuclear medicine is a diverse medical field, encompassing a
wide range of studies. Many studies are performed on a daily ba-
sis, whereas some nuclear medicine studies are performed on a
more infrequent basis. The following article is the second article
in a 2-part series on infrequently performed studies in nuclear
medicine. The procedures reviewed include CSF shunt imaging,
brain death scintigraphy, testicular scanning, quantitative lung
perfusion studies, lymphoscintigraphy, and salivary gland scin-
tigraphy. This article may be of use to technologists faced with
the task of performing one of these uncommon studies. After
reviewing the article, the reader should be able to list the indica-
tions for each study, list the recommended doses, describe the
proper method of dose administration for each study, discuss
patient preparation for each procedure, and describe issues
that may arise when performing these studies.
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The following article is Part 2 in a 2-part series on in-
frequently performed studies in nuclear medicine. As dis-
cussed in Part 1 (1), many nuclear medicine studies are
performed daily and cover a wide range of areas in the field
of medicine. However, there are also several studies that
are performed less frequently, and it may be difficult to
maintain skills in studies that are infrequently performed.
This article provides a review of 6 such studies: cerebral
spinal fluid (CSF) shunt imaging, brain death scintigraphy,
testicular scanning, quantitative lung perfusion studies,
lymphoscintigraphy, and salivary gland scintigraphy. The

clinical and technical aspects of each study, along with a
brief comparison of alternative modalities that may also be
used, are discussed.

CSF SHUNT IMAGING

Hydrocephalus is an overaccumulation of CSF in the
ventricles of the brain. Many reasons exist for the devel-
opment of hydrocephalus in a patient, including an over-
production of CSF, an obstruction of CSF flow, and
problems with reabsorption of the CSF. Broadly speaking,
hydrocephalus may be classified as communicating hydro-
cephalus and noncommunicating hydrocephalus.

Communicating hydrocephalus occurs when there is
patent communication between the ventricles but impair-
ment of CSF reabsorption. Noncommunicating hydroceph-
alus is caused by an obstruction of the CSF flow out of the
ventricles. Both types may lead to an increase in intracra-
nial pressure and mental instability and many other symp-
toms such as urinary incontinence, gait instability, headaches,
and coma.

CSF shunts are inserted to treat the symptoms of hydro-
cephalus. Two types of CSF shunts are the ventriculoper-
itoneal (ventricle to peritoneal cavity) shunt and the
ventriculoatrial (ventricle to right atrium) shunt. The shunt
system consists of a reservoir with a valve placed beneath
the soft tissues of the head, a proximal (afferent) tubing line
leading from one of the ventricles to the reservoir, and a
distal (efferent) tubing line leading from the reservoir to the
peritoneal cavity ( ½Fig: 1�Fig. 1) or atrium. The outer side of the
reservoir is covered by a pliable material that can be de-
pressed manually to pump the reservoir and punctured with
a needle. Hydrocephalus-related symptoms that worsen
after shunt placement may indicate a malfunctioning or
obstructed shunt. A malfunctioning shunt may be caused by a
mechanical issue such as disconnection or kinking of the shunt
tubing. Shunt obstructions may be caused by occlusion of the
tip of the tubing by the omentum in the peritoneal cavity or
emboli in the shunt tubing. Nuclear medicine CSF shunt
imaging is used to determine whether the shunt is patent and to
exclude shunt obstruction.

99mTc-diethylenetriaminepentaacetic acid (99mTc-DTPA),
111In-DTPA, and 99mTc-pertechnetate are radiopharmaceu-
ticals that may be used for CSF shunt studies. The 99mTc
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tracers are generally preferred as the study is usually com-
pleted within a few hours, so the longer half-life of 111In is
not required.

The recommended dose of 99mTc-DTPA is approxi-
mately 18.5 MBq (;0.5 mCi) in 0.3–0.5 mL (2). The
small volume is used to ensure minimal disruption of the
normal CSF flow physiology.

The dose is aseptically injected by the physician into the
CSF shunt reservoir, with the patient in the supine position.
The shunt reservoir is felt as a raised area on the scalp, just
below the skin and superficial to the bone. The specifics of
the injection will depend on the physician performing the
procedure. Many will first measure the CSF opening pres-
sure using a manometer on accessing the reservoir with the
needle. Once the opening pressure has been measured, the
radiopharmaceutical is injected.

Immediately after injection, the patient is imaged in the
supine position, with dynamic imaging at a rate of 1 min/
frame to include the injection site at the shunt reservoir to
the location of the end tip of the distal tubing of the shunt.
For ventriculoatrial shunts, this would include imaging
from the head to the heart, and for ventriculoperitoneal
shunts imaging would include the head to the peritoneal
cavity. With a camera equipped with a small field of view,
several dynamic studies or static views after injection of the
shunt reservoir may be required, and, correspondingly, the

patient or camera may need to be moved until the end
location of the radioactivity in the tubing has been reached.
Lateral images may also be obtained of the head to visu-
alize reflux into the ventricles. Imaging may be considered
with the patient in the upright position to increase hydro-
static pressure and therefore encourage CSF flow. This
procedure may be especially helpful to perform when
supine imaging has not been successful and to help further
negate a false-positive study.

During injection, some physicians may manually oc-
clude the distal limb of the tubing where it leaves the
reservoir to help reflux a portion of the radiopharmaceu-
tical into the ventricles, thereby assessing patency of the
proximal limb of the tubing. Other physicians choose not
to do so, preferring to see if there is reflux under more
physiologic conditions. If there is no reflux of radiophar-
maceutical into the ventricles after occlusion during shunt
injection, there may be an obstruction of the proximal
portion of the CSF shunt tubing. However, to not visualize
the ventricles does not necessarily imply an occlusion. For
example, some shunts are equipped with a flap valve that
will not allow passage of the radioactivity into the ventricles
if the tracer is administered distal to the flap valve. Assess-
ment of the patency of the proximal tubing is reliably
achieved with the measurement of the opening pressure: a
normal or elevated pressure in the reservoir implies patency
of the proximal tubing.

Most obstructions occur in the distal limb. In ventricu-
loatrial shunts, activity must be visualized in the heart for
the study to be normal and the distal limb to be deemed
patent. If 99mTc-DTPA is used, visualization of the kidneys
implies at least some degree of shunt patency. In ventricu-
loperitoneal shunts, activity must be diffusely visualized in
the abdomen for the study to be considered normal ( ½Fig: 2�Fig. 2).
Figure 3 displays an example ½Fig: 3�of an obstructed ventriculo-

FIGURE 1. Anatomic imaging in questioned obstructed shunt.
(A) Axial slice from CT scan demonstrates enlarged lateral
ventricles and proximal limb of CSF shunt. (B) CT slice more
inferiorly shows shunt port (arrow). Frontal (C) and lateral (D)
radiographs of lower chest and upper abdomen demonstrate
shunt tubing (arrowheads), terminating in right upper quadrant
of abdomen.

FIGURE 2. Normal CSF shunt study in same patient as in
Figure 1. (A) Anterior image of head and chest demonstrates
activity concentrated in shunt reservoir (arrow) and within
efferent tubing at level of chest (arrowheads). (B) Anterior
image of chest and abdomen (smaller scale than A) reveals
activity along entire course of tubing (arrowheads), ultimately
spilling freely into abdominal cavity.
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peritoneal shunt for which serial images were taken with no
radioactivity visualized in the peritoneal cavity. Imaging
was performed again at the 3- and 24-h marks, demon-
strating an obstructed shunt at the lower thoracic level.

In addition to an assessment of ‘‘obstructed’’ versus ‘‘not
obstructed,’’ some have advocated a more refined analysis
assessing the flow velocity of CSF from the reservoir to
determine whether there is altered physiology as might
arise from a partial obstruction. In this technique (3), a
dynamic study is performed with 30-s images for 15 min. A
region of interest (ROI) is drawn around the activity in the
reservoir and a time–activity curve is generated. The flow
velocity is then calculated on the basis of the rate of
disappearance of activity from the reservoir, modeled using
an exponential relationship, and the volume of the reservoir.
This technique is not universally used.

The CSF shunt study provides a simple, effective, and
low-radiation-dose method of assessing CSF shunt patency.
However, this method is not frequently requested. Initial
assessment of the patient with a CSF shunt presenting with
symptoms is performed clinically. The clinician can per-
form a simple assessment of the shunt system by depressing
the bulb of the reservoir. If the bulb readily depresses, the
distal limb is likely patent, and if it readily refills, the
proximal limb is likely patent. The clinician may also
access the shunt reservoir to measure opening pressure and
obtain CSF for culture and laboratory analysis. CT is often
performed initially to assess ventricular size. This tech-
nique is not entirely reliable, however, as patients may have
chronically enlarged ventricles. CT is most reliable in this
setting if there are prior scans to allow determination of
whether the ventricles have increased in size. The CT may
also be used to verify the correct placement of a CSF shunt.
Routine radiography may be performed to examine the
tubing to check for kinking or disconnection. However,
when doubt persists, the nuclear medicine CSF shunt study
remains a reliable means of assessing shunt patency.

BRAIN DEATH SCINTIGRAPHY

Brain death is defined slightly differently by various
organizations, but the overlying concept is of complete and
irreversible loss of function of the brain (4). The term is
usually applied in the context of continued function of other
organ systems, such as the cardiovascular system. In this
scenario, an accurate and timely determination of brain
death is necessary to best address the grief and anxiety of
family members and to allow timely assessment for possible
organ donation. Common causes of brain death are severe
traumatic brain injury and subarachnoid hemorrhage (5).

Usually brain death is a clinical diagnosis. Although
specific criteria vary among organizations and jurisdictions,
an example (paraphrased) includes an established etiology
capable of causing neurologic death in the absence of re-
versible conditions capable of mimicking neurologic death,
deep unresponsive coma with absent motor reflexes, absent
brain stem reflexes, absent respiratory effort based on the
apnea test, and absent confounding factors (such as unre-
suscitated shock, hypothermia, and certain drug intoxica-
tions) (5). In some instances, it may be extremely difficult or
even impossible to perform all of the tests required—for
example, in severe facial injuries or pulmonary disease. In
addition, these tests may have to be performed on several
occasions over a 6- to 24-h period to have confirmatory
results. Ancillary diagnostic testing may be recommended in
situations in which a definitive diagnosis cannot be made on
clinical grounds or in which an institution deems it necessary
as part of its routine protocol.

A nuclear medicine brain death study is a simple and
minimally invasive test that may assist in the diagnosis of
brain death by assessing brain blood flow. The ventilated
patient is transported to the department with a variety of
medical staff. In some departments in which mobile scan-
ners are available, the nuclear medicine technologist would
bring all the necessary equipment for imaging to the
patient’s unit. There are 2 general nuclear medicine ap-
proaches to assessing brain death. The first uses the non–
brain-specific flow agent 99mTc-DTPA, which does not cross
the blood–brain barrier, and the second approach uses the
lipophilic brain agent 99mTc-hexamethylpropyleneamine
oxime (99mTc-HMPAO) or 99mTc-ethylcysteinate dimer
(99mTc-ECD).

When using 99mTc-DTPA, the recommended dose is
555–740 MBq (15–20 mCi) (6). The patient is positioned
under a low-energy, high-resolution collimator with a field
of view to include carotids to skull vertex, with the camera
anterior and parallel to the patient’s face. Positioning the
patient and camera in this manner ensures that the study
may be assessed properly during a comparison of flow to
the left and right side. There is no patient preparation for
this study; however, proper ventilation should be in place
to prevent changes in cerebral blood flow from hyperventi-
lation, and one must also be aware that high levels of bar-
biturates may decrease cerebral blood flow (6). Some

FIGURE 3. Obstructed CSF shunt. (A) Anterior image at level
of head and chest demonstrates reflux into ventricles of brain
and transit down efferent limb of shunt. (B) Anterior image
at level of lower chest and upper abdomen reveals abrupt
termination of activity in shunt tubing at level of lower chest. No
spill of activity into abdomen, even on delayed views, was
observed.
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institutions may place a tourniquet around the patient’s head
(above the eyebrows and ears and around the posterior
prominence of head) before beginning the procedure, to
diminish scalp blood flow, which may confound assessment
of brain flow. A tourniquet should not be used if there is head
trauma or there is possibility of causing further injury. It is
recommended that an intravenous catheter be used for dose
administration, followed by a saline flush, to ensure no dose
infiltration and adequate bolus administration. A dynamic
study should be performed after intravenous injection, with
1–3 s/frame for at least 60 s (6). At our institution, the
acquisition is started before the injection is given, to ensure
imaging begins before the bolus reaches the carotid arteries.
To ensure adequate time during the actual scanning of blood
flow, we prefer to set up the dynamic scan for at least 3–5 min.
Static imaging (for a minimum of 5 min/view in the anterior,
left, and right lateral positions) should also be performed,
after the dynamic acquisition is complete. A posterior static
image also may be acquired but may not be necessary and is
usually difficult to obtain.

A normal brain-flow study using 99mTc-DTPA (½Fig: 4� Fig. 4)
includes visualization of flow up the carotid arteries and
onward to the anterior and middle cerebral arteries (ACA
and MCA, respectively). The ACAs parallel one another in
the midline and cannot be distinguished as 2 separate ves-
sels. Thus, there is visualization of 3 distinct perfusion lines,
the paired ACAs and each MCA, resulting in the ‘‘trident
sign.’’ There will also be a generalized blush of activity
throughout the brain parenchyma, followed by visualization
of the superior sagittal sinus during the venous phase.

In a positive brain-death study (½Fig: 5� Fig. 5), the radiophar-
maceutical bolus goes through the common carotid arteries
but stops at the base of the skull. This is because brain
death results in raised intracranial pressure that exceeds the
cerebral perfusion pressure supplied by the internal carotid
artery. However, flow to the external carotid artery, which

supplies the face and scalp, persists and may even be
elevated, often leading to the ‘‘hot-nose sign’’ (7). It is
important not to confuse hyperemic scalp injuries or facial
structures with perfusion to the brain. For a positive study,
there should be no visualization of the ACAs or MCAs or of
the blush within the brain parenchyma. Faint activity may be
seen in the superior sagittal sinus because of some drainage
from superficial structures. If activity is not visualized in the
carotid arteries, then an inadequate injection is suspected and
the injection must be repeated.

99mTc-HMPAO and 99mTc-ECD are lipophilic agents that
cross the blood–brain barrier and are taken up by brain
tissue in relation to regional cerebral blood flow. The rec-
ommended dose of 99mTc-HMPAO or 99mTc-ECD is 370–
1,110 MBq (10–30 mCi) (6).

Although the primary imaging using these agents consists
of static views at 20 min or greater, it is also recommended
that flow images are obtained during radiopharmaceutical
injection as described above for 99mTc-DTPA (6). This will
help prevent a false conclusion of brain death if there is
absence of brain uptake on delayed views arising from
improper preparation or instability of the radiopharmaceu-
tical or from an infiltrated dose. The static views consist of
anterior and both lateral views ( ½Fig: 6�Fig. 6) and a posterior view
if possible. SPECT has been recommended to improve the
assessment of perfusion in the posterior fossa or brain stem
(8) and to help with study interpretation if significant scalp
activity is present (9). However, SPECT may be difficult to
perform with an unstable patient condition and the patient’s
associated medical equipment, and in practice this proce-
dure is rarely used. A positive brain-death study with a
brain-specific agent will demonstrate no uptake in the brain
( ½Fig: 7�Fig. 7).

When 99mTc-HMPAO is used, additional information on
cardiac output and regional perfusion rates of organs, such
as the kidneys, heart, lung, and liver, may be obtained with

FIGURE 4. Normal flow study. Series of
frames from flow phase (A) and pool
phase (B). There is flow up common
carotid arteries (CCA) and internal carotid
arteries (ICA), onward to ACAs and
MCAs, and ultimately into superior sag-
ittal sinus (SSS).
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a whole-body pass scan (8), although most institutions do
not incorporate this procedure into their protocol.

If there is a small amount of perfusion to the brain or if
clinically there is deterioration, it may be useful to repeat
the study. The amount of cerebral uptake of 99mTc-HMPAO
or 99mTc-ECD would prohibit scanning from being re-
peated with adequate sensitivity on the same day (10).
99mTc-DTPA would allow for a repeated study on the same
day if necessary, whereas use of the other agents would
require a delay of 24 h for repeated imaging.

Because 99mTc-ECD and 99mTc-HMPAO agents are
brain-specific, they may be preferable to 99mTc-DTPA, in
part because they are not dependent on a good bolus intra-
venous injection and because delayed imaging is usually
definitive in assessing cerebral blood flow (6). The tech-
nologist plays an important role in the proper labeling of
the brain-specific agents to prevent a false-positive study.

Quality control should be performed as outlined in the
package insert (11), and proper labeling should be verified
before patient administration.

An alternative ancillary imaging test is cerebral angiog-
raphy, in which a catheter is introduced via a femoral artery
and advanced to the carotid arteries, and radiographic
contrast is injected. As with the nuclear medicine study,
the premise is that, because of increased intracerebral
pressures in brain death, no flow will be seen to the brain.

Angiography is more invasive than scintigraphy. The
radiographic contrast can cause idiosyncratic reactions and
can result in renal dysfunction, which may be relevant with
respect to organ donation. Transcranial doppler ultrasound
and MRI-based angiography both show promise but have
not been sufficiently validated (4).

TESTICULAR SCANNING

The testicles are responsible for production of sperm and
testosterone. The testicles develop in the retroperitoneum of
the abdomen and descend in utero to exit the pelvis and
reside in the scrotum. The epididymis is a small structure
on the posterior aspect of the testicle, responsible for
storing sperm. The nuclear medicine testicular scan is used
in the setting of acute scrotal pain to differentiate between a
variety of entities, primarily testicular torsion and orchitis
or epididymitis.

When the testicles descend into the scrotum, a portion of
the peritoneal lining descends with them and covers a
portion of the testicles. Where not covered by this layer (the
tunica vaginalis), the testicles and epididymis are anchored
to the scrotum. If the tunica vaginalis covers too much of
the testicle, it may be inadequately anchored to the scro-
tum, allowing it to rotate within the scrotum. This defor-
mity, known as the ‘‘bellclapper deformity,’’ is implicated
in most cases of testicular torsion (12). The peak age of
presentation is around puberty; this entity is rare after the
age of 30 y. Torsion results in compromise of blood flow to
the testicles, either through direct arterial compression or
decreased supply secondary to obstruction of the venous
outflow, resulting in ischemia and potentially infarction.
Patients present with acute scrotal pain.

FIGURE 5. Positive brain-death study with 99mTc-DTPA.
Series of images from flow phase (A) and anterior and lateral
images from pool phase (B and C). There is flow up carotid
arteries of neck and to scalp and facial structures (hot-nose
sign), which are supplied by external carotid arteries. However,
there is no flow to brain, which is supplied by internal carotid
arteries.

FIGURE 6. Normal 99mTc-ECD study. Anterior (A) and lateral
(B) views reveal normal uptake within brain.
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Emergency surgery is required to untwist the testicle to
prevent necrosis; the salvage rate tends to reflect the time
passed between onset of the event and the surgical detorsion.
In one study (13), the salvage rate was 100% when surgery
occurred within 6 h, 70% for surgery between 6 and 12 h, and
only 20% when surgery occurred more than 12 h after onset
of symptoms. Consequently, a request for a testicular scan in
the setting of acute scrotal pain must be treated as an
emergency. In fact, when suspicion of torsion is high, it is
generally recommended (12,14) that the patient be taken
directly to surgery without imaging. In addition to untwisting
the involved testicle, both testicles are anchored to the
scrotum at the time of surgery to prevent future events.

The main entity to be distinguished from torsion in the
setting of acute scrotal pain is inflammation. Most com-
monly this involves only the epididymis (epididymitis),
but sometimes the testicle may be involved (orchitis).
Most commonly, the etiology is nonspecific, but specific
causes may include gonorrhea, syphilis, tuberculosis, or
mumps. The presentation is often more gradual than with
torsion; patients are more likely to have fever, but there is
considerable overlap and imaging is often required, par-
ticularly given the significance of missing a case of
torsion.

The testicular scan is predicated on assessing the blood
flow to the scrotum and contents. No specific patient
preparation is required for this study. Privacy should be
observed and, depending on departmental or institutional
policy, an escort may be required. After a clear and
detailed interview is conducted and an explanation of
the scan is given, the patient is asked to lie supine on the
imaging table, with his legs abducted and feet together in
a frog-leg position to decrease background activity from
the thighs. The penis is directed in a cranial direction and
may be taped in place to avoid overlap with the scrotum.
A towel may be draped under the scrotum and over the
thighs, acting as a sling to raise the scrotum. Once proper
positioning is obtained, a sheet, towel, or light blanket
should be used for the modesty of the patient. Proper
positioning is vital to a proper diagnosis, and with de-
tailed instruction the patient is usually more than willing
to assist.

A camera with a low-energy all-purpose collimator
should be placed parallel and close to the patient, to min-
imize the distance between the scrotum and the camera. A
pinhole collimator may be used with the pediatric popula-
tion. 99mTc-pertechnetate (555 MBq [15 mCi], with a
minimum of 185 MBq [5 mCi] for the pediatric population)
is injected intravenously, with the acquisition started im-
mediately to ensure the flow portion of the study is not
missed. This includes dynamic imaging at 2–5 s/frame for
1–2 min of the anterior pelvis, with further static imaging
after the flow portion for at least 500,000 counts (500K) per
static image.

Real-time anatomic correlation by the nuclear medicine
physician may be required, such as by placing a hot source
over the raphe of the scrotum or over the testicle itself ( ½Fig: 8�Fig.
8). Physical examination of the scrotum may be required
to exclude, for example, a hydrocele (fluid collection) or
hernia as a false-positive cause of a photopenic defect.

FIGURE 7. Positive brain-death study with 99mTc-ECD. Ante-
rior (A) and lateral (B) views reveal no uptake within the brain in a
child.

FIGURE 8. Testicular torsion. Single frame from flow se-
quence (A) and pool image (B) from testicular scan. On both
sequences, there is no flow to left testicle (arrows). Rim of
increased flow superior and medial to testicle (arrowhead)
results from reactive hyperemia (‘‘rim sign’’). To confirm that
absence of perfusion truly corresponded to left testicle, hot
99mTc source was placed sequentially over raphe between left
and right sides of scrotum (C) and directly over left testicle
itself (D) under palpation by the nuclear medicine physician.
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False-negative scan results have occurred in the setting of
extremely late torsion and with small or retracted scrotums.
Still, the overall accuracy is impressive at 95% (12).

In the normal testicular scan, blood flow is demonstrated in
the iliac and femoral arteries and the penis and symmetrically
and faintly in the scrotum and testicles. The findings in the
setting of torsion depend to some extent on the timing since the
onset of the event, but the overriding principle is that there is
decreased perfusion to the testicle. Increased flow may be seen
in the surrounding scrotum as a result of hyperemia (the ‘‘rim
sign’’). Abrupt cutoff of the iliac artery supplying the testicle is
occasionally seen (the ‘‘nubbin sign’’). If the testicle spontane-
ously untwists before imaging, there may actually be increased
flow to the testicle due to hyperemia.

The hallmark in inflammation or infection is increased
blood flow. On the pool images, this may be seen to be
lateral within the scrotum in epididymitis or medial in
orchitis. In all cases, the interpreting physician must be
aware of the clinical presentation, including which side is
painful, as asymmetry may be due to abnormally increased
uptake on one side, consistent with inflammation, or ab-
normally decreased uptake on the other side, consistent
with torsion.

Several other entities may be encountered on the scan. In
addition to epididymitis and orchitis, a frank abscess may be
present in the scrotum. As expected, this will result in
increased uptake. In addition to torsion of the entire testicle,
torsion of one of several small appendages may occur, for
example the testicular appendage or appendix epididymis.
Imaging in torsion of these small appendages is often
normal, although a small area of photopenia may be appre-
ciated. Testicular tumors are rarely a cause of acute scrotal
pain and hence rarely lead to a nuclear medicine testicular
scan. However, a tumor may be encountered incidentally.
The appearance can be variable, depending on the relative
vascularity, but usually there would be increased flow on the
initial phase.

Besides scintigraphy, the acute scrotum may be evalu-
ated using ultrasound. The differentiation between torsion
and inflammation relies on demonstrating decreased or
increased blood flow½Fig: 9� using color doppler, analogous to
the nuclear medicine approach (Figs. 9 and½Fig: 10� 10). The re-
ported accuracy of scintigraphy (95%) exceeds that of
ultrasound (88%) (12). The ultrasound examination may
be limited by pain, as direct contact with the scrotum is

required. Given the urgent need for assessment, the choice
of management may be dictated by the more ready avail-
ability of ultrasound than of nuclear medicine after hours in
some institutions.

QUANTITATIVE LUNG PERFUSION STUDY

Lung cancer is the leading cause of cancer death in both
men and women. In early stages, patients with lung cancer
may be candidates for surgical resection of the tumor in an
attempt at cure. Depending on the size and location of the
tumor, surgery may consist of lobectomy (partial or total)
or pneumonectomy. Before a surgery of this nature, pul-
monary function must be evaluated to ensure that sufficient
function will remain after the operation. This assessment is
particularly relevant, as patients with lung cancer often have
decreased preoperative lung function due to the common risk
factors of age and smoking. Standard work-up includes
pulmonary function tests assessing forced expiratory volume
in 1 s (FEV1) and diffusion capacity for carbon monoxide.
FEV1 may be expressed as an absolute value (L) or as a
percentage of predicted value based on age, height, sex, and
race. Patients whose preoperative FEV1 is greater than 2 L or
more than 80% predicted are considered candidates for
pneumonectomy, and those whose FEV1 is greater than 1.5
L are considered candidates for lobectomy, without further
pulmonary evaluation (15).

However, when these criteria are not met, further assess-
ment is indicated to predict postoperative function, typi-
cally with a quantitative perfusion study. Several studies
have demonstrated a high risk for perioperative death and
pulmonary complications when the predicted postoperative
FEV1 is less than 40% or diffusion capacity for carbon
monoxide is less than 40% (15).

Quantitative perfusion lung studies are simple to per-
form, and results may be obtained almost immediately after
the study is performed. No specific patient preparation is
necessary. The radiopharmaceutical used is 99mTc-macro-
aggregated albumin (99mTc-MAA), with a recommended
dose range of 37–148 MBq (1–4 mCi) (16). Quality control
of both radiochemical purity and particle size should be
performed and analyzed as outlined in the product mono-
graph (17). The recommended number of particles for
intravenous injection is in the range of 200,0002700,000.
The number of particles should be lowered for pediatric

FIGURE 9. Doppler ultrasound images
longitudinally through each testicle on
same day as nuclear medicine scan in
Figure 8. There is decreased blood flow
(color) to left testicle relative to right.
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patients, those patients with right-to-left shunts, and those
patients with severe pulmonary hypertension (16). It is
important to agitate the vial before dose drawing, because
the 99mTc-MAA particles will settle to the bottom of the
vial. The syringe of 99mTc-MAA should also be shaken
before patient injection, especially if the syringe is not used
immediately after dose draw from the vial. Shaking will
prevent the 99mTc-MAA particles from sticking together in
the syringe. The patient is injected intravenously while in
the supine position to ensure homogeneous distribution
of the radiopharmaceutical in the lungs. Blood should not
be drawn into the syringe during injection because of the
possibility of clumping of the 99mTc-MAA in the lungs.
Static images are acquired in both the anterior and posterior
chest positions, typically for 500K.

With the aid of computer software, ROIs are placed over
the right and left lungs. Each lung is then further divided into
thirds to create superior, middle, and inferior ROIs. The
geometric mean of the anterior and posterior counts in each
region is calculated, and the percentages for each region and
each lung are calculated. The geometric mean—the square
root of the product of the anterior and posterior counts—is
frequently used in nuclear medicine to estimate the counts in
an organ based on anterior and posterior planar imaging, is
considered more representative than the familiar arithmetic
mean (anterior plus posterior counts divided by 2), and is
commonly used for dosimetry assessments as well. The
division of the lungs into superior, middle, and inferior
regions does not exactly correlate with the anatomic divisions
into lobes but is reasonably representative and allows esti-
mation of postoperative lung function after lobectomy. On
the other hand, in assessment before pneumonectomy, this
technique accurately demonstrates the preoperative pulmo-
nary contribution of each lung.

The predicted postoperative pulmonary function is then
estimated by applying the results of the quantitative perfu-
sion study to those of the preoperative pulmonary function

tests. For example, in the patient in ½Fig: 11�Figure 11, removal of
the left lung is being planned. The nuclear medicine study
has determined that this lung contributes 30% of the total
pulmonary function. Hence it can be estimated that the
planned left pneumonectomy will reduce the preoperative
FEV1 by 30% ( ½Fig: 12�Fig. 12).

Some authors have advocated quantitative ventilation
imaging (18) rather than perfusion imaging in this scenario,
but most advocate using perfusion imaging. Quantitative
assessment based on ventilation could be particularly
inaccurate when using aerosolized 99mTc agents, especially
in the setting of obstructive airway disease. In this setting,
patients with obstructive airways may show central airway
deposition of the radiopharmaceutical and, therefore, the
concentration of the radiopharmaceutical in the lungs will
not accurately correlate with the patient’s pulmonary
function.

In addition to preoperative assessment for lung cancer,
there are other applications of the quantitative lung scan.
Rarely the study may be requested in advance of radiation
therapy to the lungs in patients with borderline pulmonary
function. It may also be indicated in patients undergoing
lung reduction surgery, a procedure that removes the
superior portions of a lung or lungs because of the presence
of bullae in patients with emphysema. We perform this
study not uncommonly in the pediatric population to assess
relative lung function in children with congenital heart
disease including stenosis of a pulmonary artery. The study
may be used to establish when an intervention such as
dilatation of the pulmonary artery is indicated and may be
subsequently used to evaluate the effectiveness of the
therapy through comparison with the preintervention study.

The predicted postoperative lung function may also be
estimated by multiplying the preoperative function by the
ratio of lung segments being removed to the total number of
lung segments (18 segments). However, this approach is
less accurate than the approach using quantitative perfu-
sion, as it assumes all segments are of the same size and
pulmonary function is homogeneous throughout the lungs,
a situation that is not typical in this patient population.

LYMPHOSCINTIGRAPHY

In recent years the use of nuclear medicine to assess the
lymphatic system has become well known through the

FIGURE 10. For patient in Figure 9, transverse gray-scale
images from follow-up ultrasound 3 wk later. Marked hetero-
geneity of left testicle is due to infarction. Right testicle dem-
onstrates normal homogeneous echotexture.

FIGURE 11. Chest radio-
graph in a patient with lung
cancer. Large tumor is seen
in left lung.
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widespread use of sentinel node studies. However, lym-
phoscintigraphy has been used for many years in other
settings, and it is these less familiar roles that are reviewed
here.

The lymphatic system plays a role in the immune (lymph
nodes, spleen, and other tissues) and circulatory systems. In
this latter role, the lymphatic system is responsible for
transporting cellular debris, metabolic waste products, and
fluid excesses from the interstitial tissues back to the
venous system (19). In the extremities, there are parallel
deep and superficial lymphatic channels that generally
parallel the venous system. The deep and superficial sys-
tems of the legs converge in the pelvis, and those of the
arms converge in the axillae. Drainage is central, and
ultimately the lymphatic system drains into the venous
system via the thoracic duct, the main lymphatic conduit in
the chest, at the junctions of the jugular and subclavian
veins.

Scintigraphic lymphatic mapping is used primarily in the
setting of lymphedema, swelling of an extremity as a result
of lymphatic malformation or malfunction. Lymphedema
may be classified as primary (present at birth although not
evident until later in life) or secondary (acquired as a result
of infection, inflammation, trauma, or neoplasm or in
association with venous obstruction). Worldwide, the most
common etiology is parasitic infection, often filariasis. In
the Western world, lymphedema is often associated with
cancer, either through direct invasion or obstruction by
tumor, or as a result of surgical or radiation therapy. For
example, lymphedema can occur in the upper extremity
after axillary node dissection for breast cancer, resulting in
significant morbidity. Of note, nuclear medicine has played

a role in reducing this complication through the use of the
less invasive sentinel node concept (20).

Lymphoscintigraphy is a safe, minimally invasive, re-
peatable method of assessing for lymphedema. Contrast
lymphangiography has been used in the past. This method,
which involves tedious cannulation of the peripheral
lymphatics and injection of radiographic contrast, is diffi-
cult and time-consuming and nonphysiologic, as the tracer
is injected directly into the lymphatics under some pressure
(in lymphoscintigraphy the injection is into the dermal
tissues, and subsequent uptake by the lymphatics is under
physiologic conditions). In addition, reactions to the con-
trast medium have occurred.

A variety of different radiopharmaceuticals have been
used in lymphoscintigraphy, including 198Au (historic),
filtered 99mTc-sulfur colloid, 99mTc-antimony sulfide, and
99mTc-nano and -microaggregated albumin (19). In North
America, filtered 99mTc-sulfur colloid is predominantly
used. Dermal injections of tracer are made in the second
and fourth web spaces bilaterally. That is, both hands are
injected and imaged when lymphedema is suspected in the
upper extremities, and both feet are injected when evalu-
ating the lower extremities.

Because the dermal space is tight, a small volume, and
hence high specific activity, is required (e.g., 9.25 MBq/0.1
mL [250 mCi/0.1 mL]).

The dose for adults is generally 37 MBq (1 mCi) total.
Therefore, imaging of the legs should require ap-
proximately 9.25 MBq (250 mCi) per injection (2 injections
per extremity). One may choose to withdraw 0.05 mL of air
or saline before withdrawing the sulfur colloid, to ensure
the patient receives as much of the dose as possible. For

FIGURE 12. Quantitative perfusion
scan in same patient as in Figure 11.
Large perfusion defect from tumor is
appreciated on posterior image (arrow).
Analysis reveals that left lung contributes
30.6% and right lung 69.4% of total
pulmonary function (arrowheads). Hence,
it is anticipated that removal of left lung
will result in decrease of approximately
30% of total pulmonary function.

RGB
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children, 13–18.5 MBq (350–500 mCi) total may be used. If
the patient wears elastic stockings for lymphedema, then
the stockings should be removed at least 3–4 h before the
study (2). If the patient is being evaluated for upper-limb
lymphedema, hand-grip exercises may be used to enhance
lymphatic absorption. Similarly, for lower-leg evaluation,
instructing the patient to walk or climb stairs after injection
will enhance lymphatic absorption.

After this brief, low-level exercise, imaging is initiated.
Imaging begins just proximal to the injection site, as most
of the injection (up to 95%) will not be absorbed by the
lymphatics and intense activity will remain at the sites of
injection. Imaging subsequently consists of a series of
sweeps moving progressively more proximal as the tracer
migrates centrally through the lymphatics. Once the radio-
pharmaceutical has migrated to the junction of the lym-
phatic and venous systems in the upper thorax, it will
circulate in the venous system and become trapped in the
liver and spleen (as when injected intravenously in a liver–
spleen study, though much fainter), so visualization of the
liver indicates completion of migration through the lym-
phatic system and is usually taken as the endpoint of the
study. A 57Co sheet source may be used as a transmission
source to outline the patient’s body for visual enhancement.

Findings in the setting of lymphedema (½Fig: 13� Fig. 13) include
delayed transit of activity relative to the normal side, less
activity in the lymphatic channels, and less activity in
lymph nodes. A common finding is dermal backflow, in
which activity is shunted from the abnormal deep lymph-
atics to the superficial lymphatics, resulting in uptake in a
fine mesh of superficial lymphatics over the distal aspect of
the lower legs (‘‘stocking sign’’).

A less common indication for lymphoscintigraphy is eva-
luation of lymphatic leaks.½Fig: 14� Figures 14 and 15 are images of a
patient who had recently½Fig: 15� undergone right lung surgery for
excision of metastases. A pleural effusion developed after the
operation, and it was suspected that this may have arisen from
damage to the thoracic duct, resulting in leakage of lymphatic
fluid into the pleural space (chylothorax). In this study,
dermal injection of filtered 99mTc-sulfur colloid in the feet
resulted in migration through the lymphatic system and
spillage into the right pleural space, confirming that the
pleural effusion was due to disruption of the thoracic duct.

SALIVARY GLAND SCINTIGRAPHY

The salivary glands are exocrine glands that surround the
oral cavity and secrete saliva, which plays an important role
in the digestion of food and in oral hygiene. There are 3
major pairs of salivary glands: parotid, submandibular, and
sublingual. The parotid glands are anterior and inferior to
the ear. They secrete saliva into the oral cavity via Stensen
ducts. The submandibular glands are on the floor of the
mouth and secrete saliva via Warthin ducts. The sublingual
glands are on the floor of the mouth, lateral to the tongue,
and secrete saliva via sublingual or Warthin ducts.

Salivary gland scintigraphy may be used to assess the
function of the salivary glands, to evaluate salivary duct
patency, or to help characterize tumors. Imaging the sali-
vary glands with pertechnetate is easily attainable because
of the ability of the glands to transport the pertechnetate
anions from the surrounding blood supply into the salivary
glands.

The parotid and submandibular glands are clearly visu-
alized, but the normal sublingual glands are not routinely
seen. Patients should not be given thyroid-blocking agents,
such as iodide or perchlorate, within 48 h before the scan

FIGURE 13. Lower-extremity lymphedema. Anterior images
from upper abdomen to ankles at 1 h (A) and 3 h (B). Right side
is normal. Colloid ascent on left is delayed and of lower volume,
and activity is much lower in left-sided lymph nodes. In lower
left leg there is shunting to superficial lymphatics (arrow). Faint
activity is seen in liver (arrowheads), indicating endpoint of
study. L 5 level of liver; IN 5 level of inguinal nodes; K 5 level of
knees.

FIGURE 14. Postoperative
chest radiograph. Large
right pleural effusion is seen
(arrowheads). Chest drain-
age tube is in place (arrow).
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(2). The patient is asked to lie supine in the Water’s position
(chin and nose touching collimator face), and approxi-
mately 555 MBq (15 mCi) of pertechnetate are adminis-
tered intravenously. A dynamic blood flow study is
performed immediately after intravenous injection for 3–5
s/frame for 1–2 min, followed by 20 min of dynamic
imaging for 2–3 min/frame to assess function of the glands
(21). Right and left lateral head images may then be taken
for 500K. Trapping of the pertechnetate should occur
within 1 min of intravenous injection in normal glands.
Peak activity occurs in the glands within 10 (22) to 21 min
(23).

Once the first dynamic study is complete, the func-
tional (excretory) aspect of the salivary glands is assessed
with a second dynamic study after oral administration of
lemon juice (lemon stimulation). Ensure that the patient
has no allergies to lemon juice. This scan is obtained with
the patient positioned as in the prestimulus dynamic
acquisition for 2–3 min/frame for 20 min. Once the
acquisition has started, the patient is asked to drink a
mouthful of lemon juice via a straw and hold this in the
oral cavity for a few seconds before swallowing and then

continue to hold as still as possible for the remainder of
the acquisition. Static images in the right lateral and left
lateral positions are acquired as needed. Alternatively, a
single longer dynamic acquisition may also be used,
incorporating both the prestimulus and poststimulus
phase. For example, one may choose to set up the
dynamic acquisition for 40 min and administer the lemon
juice via a straw to the supine patient 20 min into the
dynamic acquisition. It is important to keep the patient
unaware of the lemon juice stimulation until the time of
administration, to prohibit psychologic stimulation of the
glands. Normal glands should exhibit a significant de-
crease in activity almost immediately after lemon stim-
ulation, with a resultant increase in activity in the oral
cavity ( ½Fig: 16�Fig. 16).

During the prestimulus phase, an increase in uptake may
be due to local inflammation or infection. For example,
acute sialadenitis on scintigraphy displays an increase in
blood flow, resulting in marked uptake and retention of
pertechnetate within the entire gland. On the other hand, in
chronic sialadenitis uptake is variable depending on the
stage, eventually leading to a complete loss of uptake of
pertechnetate in the affected glands. Decreased uptake and
decreased excretion of the pertechnetate from the salivary
glands may occur in patients with Sjogren syndrome, an
autoimmune disorder that affects exocrine glands such as
lacrimal and salivary glands. However, it may be difficult to
discern whether these abnormalities are due to Sjogren
syndrome or other causes of chronic inflammation. One
clue is that Sjogren syndrome will often affect all of the
salivary glands, whereas most other causes of inflammation
will typically be more focal. Radiation treatment to the
head and neck or 131I thyroid therapy for thyroid cancer
may also cause functional impairment of the salivary
glands.

Salivary duct obstruction may be caused by food, foreign
bodies, mucus plugs, tumors, cysts, surgery, or trauma. The
obstruction may cause painful swelling in the patient,

FIGURE 15. Anterior im-
age from lymphoscintigra-
phy study in same patient
as in Figure 14, extending
from neck to upper pelvis.
Abnormal accumulation of
radiopharmaceutical is seen
throughout right side of tho-
rax (arrowheads), confirming
lymphatic leak. Appropriate
uptake is seen in abdominal
and superior mediastinal
lymphatics and within liver
(L) and spleen (S).

FIGURE 16. Normal salivary gland
function with 99mTc-pertechnetate. Im-
ages were obtained at 4 time points
during study (A–D). Shortly after injection
(A), marked uptake in thyroid and milder
uptake in salivary glands is seen. Fifteen
minutes later (B), uptake has further
increased in parotid glands (arrowheads)
and submandibular glands (arrows). Im-
mediately after lemon juice stimulation
(C), activity is visualized in oral cavity
(arrows). Three minutes later (D), 99mTc-
pertechnetate has largely left salivary
glands and is seen in oral cavity. (E)
Time–activity curve. First ROI has been
placed over right parotid gland (upper left
of image) and activity has been plotted as

function of time. Second ROI has been placed over scalp for purposes of background subtraction. Curve demonstrates normal
uptake by gland and appropriate rapid emptying in response to lemon juice stimulation. Similar analyses were performed of other 3
major salivary glands.
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especially when salivary flow rates are high. On the
prestimulus phase, uptake may be increased (secondary to
resultant inflammation), normal, or decreased (secondary to
dysfunction arising from the obstruction). However, the
hallmark in obstruction is poor or absent clearance of
activity after lemon stimulus. The dilated duct involved
may or may not be seen on imaging.

For analysis purposes, ROIs may be drawn around the
salivary glands to produce time–activity curves. A variety
of semiquantitative parameters have been applied to these
curves to assess degree of uptake into the glands, peak
accumulation, and clearance of activity (Fig. 16). Studies
have shown that use of salivary gland imaging, along with
such semiquantitative analysis, provides a means of obtain-
ing a reproducible tool for diagnosis and follow-up of
salivary function (24). This may also be helpful in assessing
therapeutic response. Alternatively, simple qualitative anal-
ysis may be performed by observation of the dynamic
acquisition. If one is comparing uptake in relation to the
thyroid gland, normal thyroid function is assumed.

A second, less common, form of salivary gland scintig-
raphy is the 99mTc-pertechnetate scan to aid in the differ-
entiation of salivary gland masses. Primary tumors of the
salivary glands include malignant tumors such as mucoep-
idermoid and adenoid cystic tumors and benign lesions
such as Warthin tumors or pleomorphic adenomas. Sec-
ondary tumors include lymphoma and metastases. Salivary
gland tumors are primarily imaged with CT or MRI, and
definitive diagnosis requires biopsy. However, Warthin
tumors possess the relatively unique property of concen-
trating 99mTc-pertechnetate and retaining it after lemon
stimulation (½Fig: 17� Figs. 17 and 18). Hence if a Warthin tumor is
suspected, a½Fig: 18� 99mTc-pertechnetate scan may be requested. If
the scan results are positive, surgery can be foregone, as
Warthin tumors are benign. Uptake in a salivary gland mass
is not completely specific for Warthin tumors, as similar
findings have been reported in some other benign tumors,
including lymphoepithelial cysts, pleomorphic adenomas,
and oncocytomas (25).

Scintigraphy is the only imaging modality that assesses
salivary gland function. In the setting of obstruction,
radiographic sialography may be performed. This proce-
dure involves cannulation of the duct exit in the mouth
and injection of radiographic contrast. This study may be

uncomfortable for the patient, delivers a higher radiation
dose than does scintigraphy, and cannot assess physiology.
If radiographic sialography will be performed along with
scintigraphic imaging, the radiographic procedure should
be performed last as its invasiveness may invoke an
inflammatory response. 67Ga scanning has occasionally
been used to assess salivary gland function, in the setting
of Sjogren syndrome for example. CT and MRI may be
most helpful in assessing unknown causes of facial swelling
and in locating the anatomic position of masses preopera-
tively. A higher radiation dose is delivered with CT than
with either radiographic or salivary gland scintigraphy;
however, CT provides significant detail anatomically. Nee-
dle biopsy with the aid of radiography or ultrasound may
also be used to determine cell type within a mass.

CONCLUSION

This article has provided an overview of the clinical and
technical aspects of 6 infrequently performed studies in
nuclear medicine. This article may be of use to technolo-
gists faced with the task of performing one of these un-
common studies.
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