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Nuclear medicine imaging provides valuable functional information that
complements information obtained with anatomic imaging techniques

in the evaluation of patients with specific acute clinical manifestations.
Nuclear medicine studies are most often used in conjunction with other
imaging modalities and as a problem-solving tool. Under certain circum-
stances a nuclear medicine study may be indicated as the first-line imaging
modality, as in the case of renal scintigraphy for transplant dysfunction in
the early postoperative period. Nuclear imaging may be preferred when a
conventional first-line study is contraindicated or when it is important to
minimize radiation exposure. The portability of nuclear imaging offers par-
ticular advantages for the evaluation of critically ill patients whose clinical
condition is unstable and who cannot be safely transported out of the in-
tensive care unit. The ability to visualize physiologic and pathophysiologic
processes over relatively long time periods without adding to the patient’s
radiation exposure contributes to the high diagnostic sensitivity of several
types of nuclear medicine studies. Viewing the acquired images in the cine
mode adds to the value of these studies for diagnosing and characterizing
dynamic abnormalities such as intermittent internal bleeding and bile or
urine leakage. In this pictorial review, the spectrum of nuclear medicine
studies commonly performed in the acute care setting is reviewed accord-
ing to body systems and organs, with detailed descriptions of the indica-
tions, technical considerations, findings, and potential pitfalls of each type
of study. Supplemental material available at hzp://radiographics.rsna.org
Hookup/suppl/doi:10.1148/rg.332125098/-/DC1.
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Abbreviations: ATN = acute tubular necrosis, CSF = cerebrospinal fluid, ERCP = endoscopic retrograde cholangiopancreatography, GI = gastro-
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cell, SPECT = single photon emission computed tomography
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Introduction
Nuclear medicine can play an important role in
diagnostic imaging performed for specific indica-
tions in the acute clinical setting. The functional
information available with nuclear imaging often
cannot be obtained from anatomic imaging with
other modalities and can be used to make more
accurate and confident diagnoses. A nuclear
medicine study may be performed as the first-line
imaging examination for some indications, as in
the case of renal scintigraphy performed to deter-
mine the cause of transplant dysfunction. More
often, nuclear imaging is used for problem solv-
ing in conjunction with other imaging modalities,
such as hepatobiliary scintigraphy in a patient
with equivocal findings at ultrasonography (US)
performed for suspected acute cholecystitis. The
ability to image normal physiologic and patho-
physiologic processes over relatively long time in-
tervals without increasing the patient’s radiation
exposure contributes to the high sensitivity of
several nuclear medicine studies for the detection
of abnormalities that have a dynamic component
or occur intermittently, such as gastrointestinal
(GI) tract bleeding. In some circumstances, such
as when a different first-line imaging study is
contraindicated or when it is important to mini-
mize the patient’s radiation exposure, nuclear
imaging may be the preferred first-line modality.
For example, ventilation-perfusion scintigraphy
may be performed as the initial imaging exami-
nation for the detection of pulmonary embolism
in a patient with an allergy to iodinated contrast
agents or with severe renal impairment (1).

The spectrum of nuclear imaging studies com-
monly performed in adult patients in the acute
clinical setting is described in this article accord-
ing to the body system or organ being evaluated.
The indications for, and specific uses of, each
nuclear study are discussed to help readers cor-
rectly integrate nuclear medicine into the overall
diagnostic imaging evaluation. Key technical con-
siderations, imaging findings, and potential pit-
falls of nuclear imaging studies are described in
detail to facilitate their optimal use and accurate
interpretation in the acute care setting. Further
information about the techniques and protocols
for many of these studies is available from the
Web site of the Society of Nuclear Medicine and
Molecular Imaging (2) and the published litera-
ture cited in the following sections.
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Hepatobiliary Scintigraphy

Clinical Indications

in the Acute Care Setting

Hepatobiliary scintigraphy is indicated predomi-
nantly for the diagnosis of acute cholecystitis.

It may also be useful for diagnosing bile leaks,
especially in the postoperative period. Common
bile duct obstruction, although it is not typically
considered an indication for this test, may be ob-
served at hepatobiliary scintigraphy.

Imaging Modalities

and Radiopharmaceuticals

The accuracy of hepatobiliary scintigraphy for
the detection of acute cholecystitis has been ex-
amined in many studies; in the largest of these,
sensitivity and specificity of 98% and 100%, re-
spectively, were found (3). In subsequent studies,
the accuracy of hepatobiliary scintigraphy was
compared with that of US, which has reported
sensitivity ranging from 40% to 97% and speci-
ficity ranging from 64% to 100% (4-11). De-
spite the difference in accuracy between the two
modalities, the first-line imaging study when the
presence of acute gallbladder disease is suspected
is often US, primarily because of its widespread
availability, lack of ionizing radiation, and ability
to depict other causes of acute abdominal pain.
Many patients with acute cholecystitis may un-
dergo initial computed tomography (CT) if the
clinical manifestations are nonspecific or atypical.
Hepatobiliary scintigraphy is often reserved for
patients with indeterminate findings in other im-
aging studies.

When the presence of a bile leak is suspected
in patients with acute abdominal pain, especially
after cholecystectomy, hepatobiliary scintigraphy
has proved useful (12). However, such patients
often undergo an initial anatomic imaging study
(most commonly CT) to allow the detection of
perihepatic fluid collections; if CT shows a peri-
hepatic fluid collection with characteristics of a
biloma, then a functional evaluation with hepa-
tobiliary scintigraphy may play a complemen-
tary role. If the presence of a common bile duct
obstruction is suspected, initial US, endoscopic
retrograde cholangiopancreatography (ERCP), or
magnetic resonance (MR) cholangiopancreatog-
raphy might be performed. The radiotracers most
often used in hepatobiliary scintigraphy are the
technetium 99m (°*T'¢c)-labeled iminodiacetic
acid analogs mebrofenin and disofenin.
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Figure 1. Acute cholecystitis in a 45-year-old man with severe epigastric pain. (a—c) Anterior images
from hepatobiliary scintigraphy, obtained 15 minutes (a), 45 minutes (b), and 80 minutes (c) after the
injection of **™Tc-mebrofenin, show nonvisualization of the gallbladder. The hot rim sign (arrow in b
and ¢), which is due to adjacent hepatic inflammation and decreased clearance of the radiotracer, was
seen in all phases of imaging. (d) US image shows a stone impacted in the gallbladder neck (arrow) with

thickening of the gallbladder wall.

Scintigraphic Findings and Pitfalls

Acute Cholecystitis.—In most patients with
acute cholecystitis, the cystic duct is obstructed
by a stone, which prevents filling of the gallblad-
der by the radiotracer and results in nonvisual-
ization of the gallbladder. In addition, the “hot
rim sign,” or pericholecystic hepatic activity
produced by increased accumulation of the
radiotracer in the gallbladder fossa because of
inflammation, may be seen (Fig 1; Movie 1 [on-
line]). Radiotracer accumulation in the gallblad-
der fossa is typically associated with advanced
or gangrenous cholecystitis and should not be
mistaken for filling of the gallbladder lumen.
The dilated cystic duct sign, which is produced
by radiotracer activity in a short segment of the
cystic duct proximal to an obstructing stone,

also has been described in the setting of acute
cholecystitis (13). False-positive findings (eg,
nonvisualization of the gallbladder) may result
from recent food ingestion, prolonged fast-

ing, total parenteral nutrition, hepatocellular
dysfunction, or severe illness. False-negative
findings (eg, activity in the gallbladder in the
presence of cholecystitis, or regions of extra-
cholecystic radiotracer accumulation mistaken
for activity in the gallbladder) can occur in the
presence of acalculous cholecystitis, with duo-
denal diverticula or biliary duplication cysts
simulating the gallbladder (14). In patients who
have been fasting for more than 24 hours and in
patients who are receiving parenteral nutrition,
the gallbladder may be full of sludge, which
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Figure 2. Perforated cholecystitis in a 45-year-old man with acute right abdominal pain. (a) Anterior
images from hepatobiliary scintigraphy, obtained 35 minutes (left), 55 minutes (middle), and 60 minutes
(right) after the injection of **™T'c-mebrofenin, show activity in the gallbladder. A focal accumulation of the
radiotracer (arrows) lateral to the gallbladder because of perforation was first seen at 55 minutes and had
increased at 60 minutes. If the image acquisition had ended after the first 30 minutes, when the gallbladder
was first visualized, the diagnosis of perforated cholecystitis would have been missed. (b, ¢) Anterior scin-
tigraphic image acquired after a delay of 4 hours shows radiotracer activity in the perihepatic space around
the lateral and inferior aspects of the liver (arrow in b), helping confirm that the perihepatic fluid seen

on the coronal CT image (x in c) is bile.

could prevent infilling by the radiotracer. An
intravenous injection of cholecystokinin can be
administered approximately 30 minutes before
the radiotracer in order to prevent false-positive
findings of acute cholecystitis.

Perforated Cholecystitis.—Perforated cholecys-
titis (either calculous or acalculous) is a rare but
life-threatening condition. Delayed imaging is
useful both to confirm nonfilling of the gallblad-
der in the setting of cystic duct obstruction and
to look for complications such as biliary perfora-
tion, which may manifest as extrabiliary activity

(Fig 2; Movie 2 [online]). Premature discon-

Teaching| * ; .. . . .
tinuation of cholescintigraphy in a patient with

Point

a biliary perforation or a bile leak may lead to
a false-negative interpretation. Radiotracer ac-

cumulations in the gallbladder fossa because of
biliary perforation may be mistaken for activity
within the gallbladder; however, delayed images
or additional projections may help differentiate
between these two locations of activity.

Bile Leak.—The detection and localization of
bile leaks after surgery or trauma are crucial

for the timely management of these complica-
tions. Delayed imaging, particularly of the right
paracolic gutter, is important and often aids in
the identification of bile leakage, which tends

to accumulate in this dependent region. Scinti-
graphic images should be correlated with images
obtained with other modalities for anatomic
localization of abnormal accumulations of radio-
tracer activity. Single photon emission computed
tomography (SPECT)/CT may be valuable for
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Figure 3. Biliary leak from the cystic duct stump in a 63-year-old woman with abdominal pain after laparoscopic

cholecystectomy. (a, b) Gradual accumulation of **™Tc-mebrofenin in the gallbladder fossa is seen first on the anterior

scintigraphic image obtained at 25 minutes (arrow in a) and has increased on the delayed anterior image obtained
at 60 minutes (arrow in b) after the radiotracer injection. (¢) ERCP image shows a similar distribution of the injected
contrast agent (arrow), helping confirm the presence of a bile leak. When interpreting images from cholescintigraphy,
familiarity with the clinical manifestations and surgical history is important because a bile leak in the gallbladder fossa
might be mistaken for normal radiotracer accumulation in the gallbladder.

establishing the diagnosis of bile leak in cases

in which the findings at planar scintigraphy are
equivocal (15). Tracking of the radiotracer ceph-
alad on delayed images may produce the appear-
ance of a paradoxic increase in hepatic activity
or an abnormal liver contour, findings that may
contribute to a false-negative interpretation

of the nuclear imaging study (Fig 3; Movie 3
[online]).

Choledocholithiasis.—The patency of the com-
mon bile duct can be evaluated with hepatobili-
ary scintigraphy (Movie 4 [online]), although the
modality is not a first-line imaging examination
for this indication. Absence of radiotracer activity
in the small bowel on delayed images is sugges-
tive of biliary obstruction; however, partial ob-
struction of the common bile duct by stones may
lead to false-negative findings. Rarely, large com-
mon duct stones may produce photopenic defects
at scintigraphy.

Gl Tract Scintigraphy

Clinical Indications

in the Acute Care Setting

Scintigraphy of the GI tract is performed pri-
marily in the setting of lower GI tract bleeding,
to determine whether the rate of bleeding is suf-
ficient to require urgent conventional (catheter-

based) angiography, endoscopy, or surgery. Pa-
tients in whom the site of bleeding is believed to
be in the esophagus, stomach, or duodenum are
typically evaluated first with upper GI tract en-
doscopy or nasogastric lavage. However, if up-
per GI tract bleeding is slow or the source can-
not be identified at upper GI tract endoscopy,
scintigraphy may be performed with **®Tc-
labeled autologous red blood cells (RBCs).
9mTc-labeled RBC scintigraphy may help guide
the management of bleeding by identifying a
specific vascular territory (eg, celiac, superior
mesenteric, or inferior mesenteric artery) as the
source. It is also used occasionally for the detec-
tion of active bleeding in other sites, such as the
thoracic cavity.

Imaging Modalities

and Radiopharmaceuticals

9mTc-labeled RBC scintigraphy is the most sensi-
tive imaging modality for detecting active bleed-
ing, is noninvasive, and can depict both arterial
and venous sources of bleeding (16). It is reported
to have sufficient sensitivity to allow the detec-
tion of bleeding at rates of as little as 0.1 mL/
min, whereas conventional angiography allows the
detection of bleeding only at rates of 0.5 mL/min
and above (16). The ability to image continuously
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Figure 4. Hemorrhagic gastropathy in a 78-year-old man with epistaxis and melena. Anterior images from
9mTc-labeled RBC scintigraphy, acquired at 5 minutes (a), 25 minutes (b), 65 minutes (c), and 85 minutes (d)
after injection of the radiotracer, show a small amount of radiotracer accumulation (arrow) in the region of the
stomach. The stationary position of this finding is suggestive of gastric bleeding rather than bleeding from the
small bowel or colon, which typically moves rapidly because of peristalsis.

for prolonged periods of time also greatly aids in
the detection of intermittent bleeding. However,
RBC scintingraphy does not allow a determination
of the specific cause of bleeding, especially in the
upper GI tract, whereas conventional angiography,
upper and lower GI tract endoscopy, double-
balloon enteroscopy, and capsule endoscopy may
allow precise anatomic localization and character-
ization of the source of bleeding.

The *°Tc-labeled RBC scintigraphy protocol
typically consists of flow imaging performed at a
rapid frame rate (1 frame every 2 seconds) for 60
seconds immediately after the radiotracer injec-
tion, followed by functional imaging (typically at
a rate of 1 frame per minute) for up to 90 min-
utes. Additional delayed static images in different
projections can be acquired as needed. The study
may be terminated earlier if bleeding is identified
and its anatomic location can be determined.

Scintigraphic Findings and Pitfalls
Scintigraphic findings of GI tract bleeding in-
clude intraluminal activity that increases progres-
sively over time, and movement of the radiotracer
during intraluminal transit. The latter finding is
best depicted on cine images (17).

Gastric Bleeding.—The initial diagnostic test for
upper GI tract bleeding typically involves either
the sampling of gastric content through a naso-
gastric tube or upper GI tract endoscopy. How-
ever, *mTc-labeled RBC scintigraphy may reveal

the site of gastric bleeding (Fig 4; Movie 5 [on-
line]). Causes of gastric bleeding include varices,
peptic ulcers, angiectasia, and gastritis.
Inefficient RBC labeling may lead to false-pos-
itive findings because of the accumulation of free
9mTc pertechnetate in the normal gastric mucosa.
Less commonly, accumulated radiotracer in an
accessory spleen or hepatic hemangioma overlap-
ping with the stomach may simulate activity in the
gastric lumen. In these instances, the absence of
peristaltic motion helps differentiate radiotracer
activity in solid organs from that in the GI tract.

Small Bowel Bleeding.—The small bowel is ac-
cessible with upper and lower GI tract endos-
copy, double-balloon enteroscopy, and capsule
endoscopy. In some cases, **™Tc-labeled RBC
scintigraphy can help detect and localize inter-
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Figure 5. Inflamed bowel in an 18-year-old male patient with Crohn disease and GI tract bleeding. (a—d) Selected
anterior images from **™Tc-labeled RBC scintigraphy, acquired at 16 seconds (a) and 56 seconds (b) (during flow
imaging) and at 10 minutes (c) and 60 minutes (d) (during functional imaging) after injection of the radiotracer, show
a region of increased activity in the upper abdomen (arrow), a finding that does not move over time. The persistent

radiotracer activity represents increased perfusion and hyperemia in an inflamed small bowel loop. (e, f) Coronal (e)
and axial (f) CT images show the thickened wall of a small bowel loop in the upper abdomen (arrow), a feature that

corresponds to the scintigraphic finding.

mittent small bowel bleeding. Causes of small
bowel bleeding include tumors, Meckel divertic-
ula, Dieulafoy lesions, angiectasia, Crohn disease,

celiac disease, and, less commonly, hemobilia and
aortoenteric fistulas.

Inflammatory processes affecting the bowel,
such as Crohn disease, may lead to increased
accumulation of the radiotracer because of hy-
peremia and inflammation, a finding that could
be mistaken for active intraluminal bleeding. Hy-
peremia may be visible on the initial flow images.
Viewing the cine images helps distinguish regions
of fixed radiotracer activity (eg, in inflammation
or vascular structures) from regions that are mov-
ing because of peristalsis, which are typical scinti-
graphic features of GI tract bleeding (17) (Fig 5;
Movie 6 [online]).
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Figure 6. Normal penile uptake of the radiotracer at **"Tc-labeled RBC scintigraphy in a 69-year-old man with non-
ischemic cardiomyopathy and lower GI tract bleeding. Top row: Selected images obtained at the rate of 1 frame per
minute show a region of increased activity at the lower edge of the field of view (arrows), a finding that appears and
disappears on alternate images. To further evaluate this finding, the field of view was subsequently adjusted to include
the pelvis. Activity is seen also in the left ventricular assist device in the upper left quadrant of the abdomen. Bottom
row: Images obtained with the larger field of view show localized activity in the penis (arrows).

Colonic Bleeding.—*°™T c-labeled RBC scintig-
raphy is often the initial diagnostic test when the
presence of active lower GI tract bleeding is sus-
pected, and it can help guide therapy with endos-
copy or angiography. Causes of colonic bleeding
include diverticulosis, angiodysplasia, neoplasms,
and internal hemorrhoids. When interpreting im-
ages from **®T'c-labeled RBC scintigraphy, it is
important to be aware that normal radiotracer
activity in the penis (Fig 6; Movies 7, 8 [online])
or bladder may mimic rectal bleeding. Activity in
the urinary tract, especially the ureters and blad-
der, also may simulate radiotracer extravasation
into the GI tract. Lateral or “tail-on-detector”
views can be helpful to distinguish these normal
structures from rectal bleeding.

Scintigraphy of the Native Kidney

Clinical Indications

in the Acute Care Setting

The most common indication for renal scin-
tigraphy in the acute care setting is suspected
urinary tract obstruction. Renal scintigraphy is
particularly useful when interventions such as
stent placement, percutaneous nephrostomy, or
surgery are being considered. Urine leak and
vascular compromise (eg, renal artery or renal
vein thrombosis) are additional indications for
this study.

Imaging Modalities

and Radiopharmaceuticals

US is frequently the first imaging modality used to
evaluate the urinary system. It is readily available,
can be performed at the patient’s bedside, does
not require the administration of a contrast agent,
and does not involve the use of ionizing radiation.
Doppler US is helpful if vascular complications
are suspected. Nonenhanced CT is indicated as
the first-line imaging modality for the detection of
obstructing renal and ureteral stones (18).

Renal scintigraphy is usually performed to
assess the functional significance of dilatation
observed in the renal collecting system at imag-
ing with other modalities, such as US or CT.
Diuretic renal scintigraphy is often used to help
differentiate obstructed from nonobstructed
chronically dilated collecting systems and/or
ureters, particularly in patients with a history of
surgery or obstruction. The radiotracer most com-
monly used for this purpose is **™Tc mertiatide
(ie, ™Tc-MAG,), a tubular agent. Because *™Tc
mertiatide is cleared primarily by active secretion
in the proximal tubules with only minimal glo-
merular filtration, **™Tc mertiatide clearance can
serve as a surrogate measure for effective renal
plasma flow. *°®T'c pentetic acid (ie, **®Tc-DTPA)
is a glomerular agent that may be used only in
patients with normal or mildly impaired renal
function because its extraction from plasma by
the kidney depends directly on the glomerular fil-
tration rate. The renal clearance of **™T'c pentetic
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acid filtered by the renal glomeruli closely approx-
imates the glomerular filtration rate (19-22).

MR imaging is rarely performed in the initial
workup for common acute clinical indications but
may be used for problem solving or when CT is
contraindicated in patients in whom the presence
of urinary tract obstruction is suspected.

Scintigraphic Findings and Pitfalls

In the setting of urinary tract obstruction, the
time-activity curve generated from diuretic renal
scintigraphy shows decreased radiotracer activ-
ity (decreased perfusion) in the affected kidney
during the angiographic phase and delayed corti-
cal concentration (delayed uptake) before the
diuretic is administered. Delayed clearance of
activity is seen after the diuretic is administered,
with half-time of more than 20 minutes. Failed
clearance of the radiotracer from the kidney after
the administration of furosemide is suggestive of
high-grade obstruction. In some cases of high-
grade obstruction, no excretion of the radiotracer
into the renal collecting system is seen. Common
causes of false-positive findings of urinary system
obstruction include attenuated effectiveness of
furosemide, severe dilatation of a nonobstructed
collecting system with a resultant reservoir effect,
poor hydration, and high filling pressure of the
bladder (20).

A urine leak is seen as extravasation of the ra-
diotracer outside the expected anatomic bound-
aries of the collecting system or ureter. In the
presence of a forniceal rupture of the obstructed
system, radiotracer tracking is often seen along
the ureter in the retroperitoneal space or in the
paracolic gutter. In the presence of a urine leak
that is due to disruption of a surgical anastomo-
sis, radiotracer activity may be seen either in the
peritoneal cavity (delineating the contour of the
bowel loops) or in the retroperitoneal cavity, de-
pending on the location of the leak. Knowledge
of the postoperative anatomy is important, and
the acquisition of additional views (eg, anterior
images in patients in whom the presence of an
anastomotic leak is suspected after ileal conduit
reconstruction surgery) may be useful.

Acute compromise of the renal artery or vein
of a native kidney typically causes markedly de-
creased or absent perfusion at renal scintigraphy.
It is frequently impossible to reliably distinguish
these two vascular abnormalities from each other
or differentiate them from a chronically nonfunc-
tioning kidney on the basis of findings at scin-
tigraphy alone. In the acute phase of renal vein
thrombosis, the kidney may be edematous, with
decreased perfusion, delayed radiotracer uptake
and excretion, and retention of **Tc mertiatide.
Retention of **™T'c pentetic acid also has been

Uliel et al 383

described in the setting of segmental acute renal
vein thrombosis (21).

Acute tubular necrosis (ATN), also known as
acute vasomotor nephropathy, may be seen at re-
nal scintigraphy in native kidneys. ATN typically
affects both kidneys and has a multifaceted etiol-
ogy that includes ischemic injury, contrast mate-
rial-induced nephropathy, and nephrotoxic ef-
fects of drug therapy. Renal perfusion is typically
relatively well maintained in comparison with the
reduced renal excretion of the radiotracer into
the collecting systems unless ATN is severe, in
which case both perfusion and excretion may be
markedly decreased.

Renal Transplant Scintigraphy

Clinical Indications
in the Acute Care Setting
Renal transplant scintigraphy is usually performed
to evaluate graft dysfunction in the first few days
or first few weeks after surgery, but it also may
be performed in patients who experience an
acute deterioration of renal function months
after successful transplantation. The nuclear
imaging study can be helpful for distinguishing
patients with conditions requiring surgical man-
agement (eg, vascular compromise or ureteral
obstruction affecting the transplant) from those
with renal transplant complications that can be
managed conservatively or with medical therapy
(eg, ATN or acute rejection). Common clinical
manifestations of graft dysfunction are an el-
evated creatinine level, decreased urine output, or
both. Fever, pain, and swelling may occur in the
presence of acute rejection.

The most common complications in the early
postoperative period have either a medical or
a surgical cause. Because they manifest within
relatively predictable time frames, the timing of
their occurrence relative to the transplantation
procedure may be helpful for their differentiation.
In addition, a comparison of renal scintigraphic
images obtained after the manifestation of graft
dysfunction with images obtained at baseline
postoperative renal scintigraphy may help nar-
row the differential diagnosis. The most common
medical complication is ATN related to ischemic
injury to the graft; ATN occurs more often in ca-
daveric transplants than in transplants from living
donors. Acute rejection is another common medi-
cal complication that may be observed at renal
scintigraphy. Other immune-mediated or immu-
nosuppressive therapy-related manifestations of
renal transplant dysfunction develop more slowly
and are not described here.



hics

oGrap

Radi

384 March-April 2013

Ureteral obstruction, vascular compromise, and
urine leak are surgical complications that can be
detected at renal scintigraphy. Perirenal collections
such as abscesses, hematomas, and lymphoceles
are usually diagnosed clinically or with US, but
those that cause extrinsic obstruction of the ureter
or extrinsic mass effect on the bladder also may be
seen at renal scintigraphy.

Imaging Modalities

and Radiopharmaceuticals

The selection of a first-line imaging modality

for evaluating a renal transplant depends on the
differential diagnosis. If the presence of ATN is
suspected, renal transplant scintigraphy is typi-
cally the first-line modality. **™T'c mertiatide is the
preferred radiopharmaceutical for renal transplant
scintigraphy because it is secreted by the renal
tubules and because uptake occurs even in the
setting of impaired glomerular filtration. Most pa-
tients experience some degree of renal transplant
dysfunction after transplantation surgery, and if
the dysfunction is severe (eg, the serum creatinine
level is greater than 6 mg/dL), the diagnostic value
of the nuclear study may be limited because of
poor radiotracer uptake and/or excretion. The up-
take of **™T'c pentetic acid, which depends on the
glomerular filtration rate, is likely to be decreased
in patients with a serum creatinine level of more
than 2.5 mg/dL; thus, this radiotracer is less useful
than **™Tc mertiatide in this clinical setting.

Renal Doppler US is the first-line imaging ex-
amination for the detection of vascular compro-
mise or postoperative fluid collections, although
renal scintigraphy may play a complementary role
in those settings. CT and MR imaging are use-
ful for evaluating the entire abdomen and pelvis
and provide valuable details about the transplant
and adjacent anatomic structures; however, the
use of a contrast agent may be contraindicated in
patients with poor renal function, who may have
a high risk for contrast media—induced nephropa-
thy or nephrogenic systemic fibrosis.

Scintigraphic Findings and Pitfalls
Knowledge about the surgical approach used in
transplantation, the type of ureteral anastomosis,
and the type and number of vascular anastomoses
(depending on whether the donor had one renal
artery or multiple renal arteries) is important
when interpreting scintigraphic studies of renal
transplants. Familiarity with the appearances of
common causes of graft dysfunction is also helpful.

radiographics.rsna.org

Scintigraphic hallmarks of ATN include rela-
tive preservation of renal perfusion during the
angiographic phase, with gradual accumula-
tion of the radiotracer in the renal parenchyma
because urinary excretion is minimal or absent
(Fig 7; Movie 9 [online]). In ATN, unlike acute
rejection, perfusion is typically better than func-
tion in the renal transplant. The timing of onset
also may help differentiate the two entities:
Acute rejection typically occurs from 1 week
to a few months after transplantation, whereas
ATN wusually occurs in the first few days after
transplantation and spontaneously resolves
over the following days or weeks. However, in
severe cases of ATN, both decreased perfusion
and reduced radiotracer uptake may be seen at
scintigraphy, a pattern that precludes definitive
diagnosis and implies a poor prognosis. Repeat
renal scintigraphy may be necessary to deter-
mine whether ATN has resolved. If a follow-up
study demonstrates spontaneous resolution of
ATN but a subsequent follow-up study shows
an abrupt decrease in perfusion and function,
acute rejection is a likely cause (22,23).

Ureteral obstruction commonly occurs at the
site of ureterovesical anastomosis because of
edema, ischemia, or technical complications in
the early postoperative period. The scintigraphic
findings of ureteral obstruction in a renal trans-
plant are essentially the same as those described
for native kidneys in the preceding section (see
“Scintigraphy of the Native Kidney”). At later
intervals after transplantation, the grafted donor
ureter, being part of the renal transplant, may
be involved in acute rejection. An immune re-
sponse involving the ureter may result in ischemic
changes and fibrosis leading to obstructive steno-
sis or ureteral fistula and urine leak (24).

Urine leak is a relatively rare complication
that may occur within the first few weeks after
transplant surgery, either because of dehiscence
at the ureterovesicular anastomosis or because
of distal ureteral necrosis. Urine leaks elsewhere
in the collecting system are usually related to
ischemic insult from graft harvesting, impaired
vascular supply, or graft rejection (22). Radio-
tracer leakage from the collecting system or ure-
ter may accumulate in intra- or extraperitoneal
sites, depending on whether the peritoneum was
disrupted during surgery (Movie 10 [online]).
A urinoma may be seen as a photopenic region
adjacent to the kidney and may or may not be
filled by the radiotracer over time. If no radio-
tracer activity is seen in a urinoma, that feature
is indistinguishable from a perinephric hema-
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Figure 7. Early complications of renal transplantation. Images from renal scintigraphy (first row: angiographic phase;
second row: functional phase) and images and spectral Doppler waveforms from renal US (third and fourth rows) in
various patients show findings of ATN or acute vasomotor nephropathy (AVN, first column), renal artery thrombosis
(RAT, second column), renal vein thrombosis (RI'T, third column), acute rejection (AR, fourth column), and renal
infarction (fifth column). The scintigraphic and US images depicting each complication were acquired on the same
day or only a few days apart and in the same patient, with the exception of the renal artery thrombosis images, which
are from different patients. R4 = renal artery, RI = resistance index.

toma or lymphocele. Delayed images obtained
with the surgical drain or drainage bag in the
periphery of the field of view may be helpful for
detecting a slow urine leak.

Vicarious hepatobiliary excretion represents a
small part of **®T'c mertiatide excretion in patients
with normal kidney function but is increased in
patients with urinary tract obstruction or renal
dysfunction. Radiopharmaceutical impurities also

may lead to hepatobiliary activity (25). Radio-
tracer activity in the biliary system and GI tract
may be seen on delayed images and should not be
confused with a urine leak.

Scintigraphic findings of vascular compromise
(ie, thrombosis of either the renal vein or the
renal artery) in the early postoperative period
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are nonspecific (Fig 7). Renal artery stenosis is
encountered in the late postoperative period and
is not discussed in this article. In the presence of
renal artery thrombosis, which is a rare postop-
erative complication, there is no perfusion to the
kidney during the angiographic phase, and a pho-
topenic region is seen in the anatomic location

of the renal transplant, which is outlined by high
background radiotracer activity, findings that are
indicative of the absence of renal function (Movie
11 [online]). Because a renal transplant (unlike a
native kidney) has no draining collateral vessels,
renal vein thrombosis in the transplant causes re-
duced or absent perfusion and reduced function,
with markedly reduced uptake and no excretion of
the radiotracer (Movie 12 [online]), whereas the
native kidney affected by renal vein thrombosis
may demonstrate retention of activity over time.

For the imaging evaluation of renal trans-
plants, scintigraphy alone does not allow reliable
differentiation between arterial and venous com-
promise, and renal Doppler US may be useful
for this purpose. The finding of a filling defect in
the renal vein on gray-scale US images is con-
sidered diagnostic of renal vein thrombosis, but
such a defect might go undetected if the entire
length of the renal vein is not visualized. A Dop-
pler US finding of reversed diastolic flow in the
renal artery supports the diagnosis of renal vein
thrombosis but is not specific; it also may be seen
in the presence of acute rejection. Absence of
flow in a sonographically visualized renal artery
and absence of flow in the kidney hilum and pa-
renchyma are diagnostic findings of renal artery
thrombosis (22).

Segmental infarction shares a common etiol-
ogy and time frame with renal artery thrombosis
and may also manifest clinically as graft dysfunc-
tion (23). Anatomic lesions such as an atheroma
in the renal artery, surgical trauma, and the
suturing technique used all may cause thrombo-
embolism at the level of the segmental arteries,
especially in the setting of hypercoagulability
(26). Renal infarcts may appear as peripheral
wedge-shaped defects with no radiotracer activity
in all phases of renal transplant scintigraphy (Fig
7; Movie 13 [online]).

Acute rejection typically manifests at renal
transplant scintigraphy as decreased graft perfu-
sion, reduced graft function, and high background
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radiotracer activity; however, this pattern is diag-
nostically nonspecific (Fig 7; Movie 14 [online]).
The time frame within which the deterioration of
function occurs can help distinguish acute rejec-
tion from entities such as vascular compromise
and ATN: Although any of these entities may oc-
cur in the immediate postoperative period, acute
rejection typically occurs from 1 week to a few
months after transplantation, whereas ATN and
vascular compromise occur earlier, typically within
the 1st week after transplantation (22).

Myocardial Perfusion Scintigraphy

Clinical Indications

in the Acute Care Setting

Myocardial perfusion scintigraphy may be per-
formed in patients with acute chest pain to allow
the detection of myocardial ischemia and infarc-
tion. Rest-only myocardial perfusion scintigraphy
has been shown to have a sensitivity of 93% and a
negative predictive value of 99% for the detection
of infarction in the setting of acute angina (27).

Imaging Modalities

and Radiopharmaceuticals

The imaging modality used for myocardial per-
fusion imaging in a patient with acute coronary
syndrome depends largely on the level of clinical
suspicion that myocardial ischemia or infarction
is present. Patients with a high likelihood of myo-
cardial ischemia or infarction, as determined on
the basis of electrocardiographic findings, serum
myocardial enzyme levels, or both, often undergo
immediate angiography. Myocardial perfusion
imaging with electrocardiographically gated
SPECT is frequently performed in patients for
whom there is a moderate likelihood that angina
is the cause of acute chest pain. In patients for
whom there is little or no suspicion that an acute
coronary syndrome is present, coronary CT an-
giography is used with increasing frequency to
interrogate the coronary artery anatomy. Myocar-
dial perfusion scintigraphy has been shown to be
a useful predictor of outcome in patients present-
ing to the emergency department with typical
angina and either normal or equivocal electrocar-
diographic findings (28).

Radiopharmaceuticals used for myocardial
perfusion scintigraphy include **™T'c sestamibi
(ie, *mTc-MIBI), *°"Tc tetrofosmin, and thallium
201 (?°'T1) chloride.
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Figure 8. Myocardial perfusion abnormality in a 51-year-old man with acute chest pain. The **"Tc sestamibi injection
for a pain-rest perfusion study was administered while the patient was in the emergency department and experiencing
severe chest pain. (a—c) Selected short-axis images (a), vertical long-axis images (b), and polar maps (c¢) obtained with
the patient supine (top) and prone (bottom) during pain-rest perfusion scintigraphy show a large, moderately severe
perfusion abnormality in the inferior left ventricular wall (orange arrows). (d—f) Selected short-axis images (d), ver-
tical long-axis images (e), and polar maps (f) from a previous myocardial perfusion study performed with **™Tc ses-
tamibi during stress (top) and with 2°''T1 chloride while the patient was at rest (bottom) show no myocardial perfusion
abnormality in the inferior wall (white arrows). These findings indicate that the perfusion abnormality in a—c is new.

INF = inferior, LAT = lateral, SEPT = septum.

Scintigraphic Findings and Pitfalls
Myocardial perfusion scintigraphy in a patient
with acute chest pain typically includes the ac-
quisition of nonstress (rest) images only. The
radiotracer must be injected while the patient is
experiencing acute chest pain. A radiotracer in-
jection administered after chest pain has resolved
can result in false-negative findings.

However, rest myocardial perfusion images
alone do not allow reliable differentiation of isch-
emia from infarction. Potential pitfalls at image
interpretation include breast attenuation affect-
ing the anterior myocardial wall in women and
diaphragmatic attenuation affecting the inferior
myocardial wall (typically in men), findings that
may simulate perfusion defects. Diaphragmatic
attenuation can be differentiated from a myocar-
dial perfusion defect by repeating the study with
the patient positioned prone, which should lead
to an increase in measured activity in the inferior
wall if the apparent defect was due to diaphrag-
matic attenuation (Fig 8). If the patient cannot

tolerate a SPECT examination (eg, because of
unstable clinical status or extreme obesity), pla-
nar images may be obtained. If no abnormality is
seen at rest-only scintigraphy, a subsequent rest-
stress study may be performed when the patient’s
acute symptoms have resolved.

Lung Scintigraphy

Clinical Indications

in the Acute Care Setting

The most common indication for lung venti-
lation-perfusion scintigraphy in the acute care
setting is the clinical suspicion that pulmonary
embolism is present. Evaluation of perfusion in
lung transplants immediately after transplanta-
tion may be indicated to exclude compromise of
the venous anastomosis and can be performed
with scintigraphy while the patient is still in the
intensive care unit (29).
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Imaging Modalities

and Radiopharmaceuticals

Pulmonary CT angiography is currently the
first-line imaging modality for the diagnosis of
pulmonary embolism in most patients and can
be combined with pelvic and lower-extremity CT
venography to allow the detection of deep vein
thrombosis. CT is widely available and typically
can be performed with no special preparations.
The sensitivity and specificity of pulmonary CT
angiography performed with a multidetector CT
scanner are greater than 95% (30).

Ventilation-perfusion scintigraphy may be
performed as the initial imaging examination if
pulmonary CT angiography is contraindicated
because the patient has an allergy to iodinated
contrast media, renal insufficiency, or morbid
obesity exceeding the weight limits of the CT
scanner or if the patient cannot be moved to the
imaging suite (1).

Venous compression US is often used to detect
deep vein thrombosis in the extremities but can-
not be used to diagnose pulmonary embolism.
MR angiography, although it is appealing because
of the lack of ionizing radiation, is not routinely
used in the diagnosis of pulmonary embolism but
may be used as an adjunct for problem solving or
as an alternative in patients for whom pulmonary
CT angiography is contraindicated. Conventional
pulmonary angiography, long considered the ref-
erence standard for the diagnosis of pulmonary
embolism, is no longer frequently used since less
invasive imaging modalities with high sensitivity
have become available.

An injection of **®T'c-labeled macroaggregates
of human albumin (MAA) is used for perfusion
scintigraphy, and xenon 133 (1**Xe) gas or a
9mTc—pentetic acid aerosol is used for ventilation
scintigraphy. Generator-produced krypton 81m
gas and an aerosol containing *°*Tc-labeled ul-
trafine carbon particles (Technegas; Cyclopharm,
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Lucas Heights, Australia) also have been used for
ventilation scintigraphy, but the aerosol is not yet
approved for use in the United States.

Scintigraphic Findings and Pitfalls

Various guidelines have been developed for in-
terpreting ventilation-perfusion nuclear imaging
studies. These include the modified PIOPED
(Prospective Investigation of Pulmonary Embo-
lism Diagnosis) and Biello criteria (31-33). The
results of ventilation-perfusion scintigraphy are
reported as the probability or likelihood that pul-
monary embolism is present on the basis of the
imaging study. To obtain the posttest probability,
the probability on the basis of scintigraphic find-
ings is integrated with the pretest probability,
which is based on patient-specific data and deter-
mined by prediction rules.

The diagnostic strategy underlying the use of
ventilation-perfusion scintigraphy in the workup
for pulmonary embolism is based on Bayesian
analysis (35), which postulates that for a reason-
ably sensitive and specific test, the lower the pre-
test probability, the more likely it is that a positive
test result will be false, and the higher the pretest
probability, the more likely it is that a negative
test result will be false. During the interpretation
of ventilation-perfusion studies, a likelihood ratio
or test probability for the presence of pulmonary
embolism is determined. This ratio is integrated
with the pretest probability, which is based on
prediction rules, with those used most often in
clinical practice being the Wells score, Geneva
model, PERC (Pulmonary Embolism Rule-out
Criteria), and PISAPED (Prospective Investiga-
tive Study of Acute Pulmonary Embolism Diag-
nosis) criteria. Concordant results are likely to be
true results, meaning that no further workup is
needed for the diagnosis of acute pulmonary em-
bolism. Discordant results usually mandate fur-
ther workup, which may include pulmonary CT
angiography, venous compression US, or b-dimer
assay alone or in combination (Fig 9), depending
on the diagnostic algorithm used.

Figure 9.

(a) Images from **Xe ventilation (left) and ***Tc-MAA perfusion (right) scintigraphy in a 26-year-old

woman with worsening right-sided chest pain 8 weeks postpartum demonstrate a moderate-sized wedge-shaped mis-
matched perfusion-ventilation defect in the posterior segment of the lower lobe of the left lung (arrow), a finding that
arouses the suspicion that pulmonary embolism is present. Blunting of the right posterior costophrenic angle is also
seen. LPO = left posterior oblique view, Lt Lar = left lateral view, RPO = right posterior oblique view, Rt Lar = right
lateral view. (b, ¢) Posteroanterior (b) and lateral (c) chest radiographs show clear lungs with blunting of the right
posterior costophrenic angle. These findings, according to the modified PIOPED and Biello criteria, indicate an in-
termediate probability of the presence of pulmonary embolism and usually mandate further workup. (d, e) Axial (d)
and oblique sagittal (e) images from pulmonary CT angiography show a filling defect in the segmental pulmonary ar-

tery that supplies the posterior left lower lobe (arrow).

>
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The hallmark of pulmonary embolism is the
presence of segmental perfusion defects that are
either moderate in size (affecting 26%—75% of
the lung segment) or large (affecting more than
75% of the lung segment) and that are combined
with normal ventilation, a pattern described as a
ventilation-perfusion mismatch. In a patient with
pulmonary embolism, multiple segmental arte-
rial territories in both lungs are typically affected
by ventilation-perfusion mismatches. Pulmonary
infarction, which may be seen in the setting of
pulmonary embolism, can lead to a triple-match
defect, a region of absent or decreased ventilation
and perfusion corresponding to airspace opac-
ity on chest radiographs or CT images. Primary
ventilatory abnormalities often lead to matched
perfusion defects because of reflexive vasocon-
striction, a pattern that should not arouse the
suspicion that pulmonary embolism is present
unless corresponding radiographic abnormalities
are seen. Likewise, abnormalities that are char-
acterized by better perfusion than ventilation, a
pattern described as reverse mismatch, are sug-
gestive of a nonthromboembolic cause.

Chest radiographic findings are included in
the ventilation-perfusion interpretative criteria,
and chest radiography should be performed
in temporal proximity to ventilation-perfusion
scintigraphy (34). The degree of vessel occlusion
(complete versus partial) and the size of the oc-
cluded vessel may affect the appearance of the
perfusion abnormality. Partial vessel occlusion
may lead to only mildly decreased perfusion of
the vascular territory, a nonspecific finding (34).

Assessment of the quality of the study is cru-
cial. Injection of too few **®Tc-MAA particles
(fewer than 70,000) can lead to inadequate imag-
ing because of the quantum mottle effect caused
by statistical fluctuation of the imaged photons.
The perfusion images then may have a grainy
appearance that mimics small perfusion defects.
When the ventilation portion of a pulmonary
ventilation-perfusion study is performed with
an aerosol, the count rate of the *"Tc-MAA
activity (measured as counts per minute) in the
perfusion portion of the study must be at least
four times the count rate of the activity in the
ventilation portion of the study. Verification of the
count rates allows the detection of an inadequate
number of injected **™Tc-MAA particles, which
may be indicative of extravasation of the injected
radiopharmaceutical.

radiographics.rsna.org

Recognition of patterns of scintigraphic find-
ings that characterize nonthromboembolic dis-
eases is important, as these abnormalities may be
the cause of the patient’s symptoms. A pattern
of reverse mismatch, in which the ventilatory
abnormality (eg, absent or minimal activity on
wash-in images, with or without retention of
activity on wash-out images) is worse than the
perfusion abnormality, can be seen in the pres-
ence of mucus plugging of the airways (Fig 10) or
atelectasis. This pattern is associated with a func-
tional right-to-left (ie, venous-to-systemic) shunt
in the pulmonary circulation, which may cause or
contribute to hypoxemia. Matched perfusion and
ventilation abnormalities can be seen in chronic
obstructive pulmonary disease and asthma exac-
erbation, which may be alternative diagnoses in
patients with dyspnea and hypoxia. Microemboli
that occlude the far distal pulmonary arteries
affect perfusion at the periphery of the lung seg-
ments, causing them to have a prominent appear-
ance on perfusion images. This imaging appear-
ance may be produced by fatty emboli, amniotic
fluid emboli, or tumor cell emboli (36).

Central Nervous

System Scintigraphy
Although most brain imaging studies for acute
indications are performed with CT or MR imag-
ing, nuclear imaging can be useful for the evalua-
tion of cerebral perfusion and cerebrospinal fluid
(CSF) shunt patency. Cerebral perfusion scin-
tigraphy may be performed as an adjunct test to
demonstrate the presence or absence of effective
cerebral perfusion in patients being evaluated for
brain death. CSF shunt scintigraphy is a mini-
mally invasive method for assessing flow through
shunt devices to assess their patency and detect
shunt malfunctions.

Brain Scintigraphy for
Cerebral Perfusion Assessment

Clinical Indications in the Acute Care Setting.—
Scintigraphic assessment of cerebral perfusion

may be performed as an ancillary test in the eval-
uation of patients for brain death (37-40). Typical
clinical scenarios for this study include (@) evalu-
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Figure 10. Ventilation-perfusion scintigraphy demonstrates a reverse mismatch in a 64-year-old woman with hy-
poxia and dyspnea after hernia repair. Image series from '**Xe ventilation (left) and **"Tc-MAA perfusion (right)
scintigraphy shows markedly decreased activity in the lower lobes of both lungs (straight arrows), findings more
pronounced on ventilation images than on perfusion images. Retention of '**Xe is seen in both lung bases during
washout (curved arrows at left). LPO = left posterior oblique view, Lt Lar = left lateral view, RPO = right poste-
rior oblique view, Rt Lat = right lateral view.

ation of brain death before patients’ organs are
harvested for donation; (b) evaluation of cerebral
perfusion in patients with conditions such as hy-
pothermia and drug intoxication, which can in-
terfere with clinical and electroencephalographic
assessments of brain activity; and (¢) evaluation of
patients in whom brain death may be the result of
criminal activity.

Lack of cerebral perfusion occurs because of
the elevation of intracranial pressure above sys-
temic arterial pressures in the setting of brain
edema. It is important to remember that the
absence of effective cerebral perfusion at planar
scintigraphy performed with °°®T¢ pentetic acid
does not equate with brain death: Blood flow to
the brainstem cannot be adequately assessed with
9mT¢ pentetic acid. Furthermore, patients who
lack effective cerebral perfusion may not meet
the clinical criteria for a diagnosis of brain death
(37). However, several studies have shown that a
lack of effective cerebral perfusion is associated
with a poor prognosis (39).

Imaging Modalities and Radiopharmaceuti-
cals.—Several imaging modalities are useful for
assessing cerebral perfusion. Because it is accurate,
portable, and relatively straightforward, cerebral
perfusion scintigraphy is typically the first-line test
for cerebral perfusion assessment in patients be-
ing evaluated for brain death. **™T¢ pentetic acid
is a hydrophilic agent used in planar scintigraphy.
Lipophilic radiotracers that are used in cerebral
SPECT include **™Tc bicisate (ie, " Tc-ECD)
and " Tc exametazime (ie, " Tc-HMPAO).

A major disadvantage common to most other
imaging modalities used to evaluate cerebral
perfusion is the need for transport of the patient
from the intensive care unit to the imaging suite,
a labor-intensive process that may not be feasible
if the patient is in unstable condition. Digital
subtraction angiography allows the assessment
of brain perfusion via the anterior and posterior
circulation but requires the insertion of a catheter
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and injection of a contrast medium. The results
of some studies indicate that CT and MR imag-
ing may be useful for assessing cerebral perfusion,
but diagnostic accuracy with these techniques
has not yet been demonstrated in large patient
populations (39). Transcranial Doppler US can
be used to assess cerebral perfusion and can be
performed in the intensive care unit; however,
the sensitivity of US for this indication is variable
(38), and a lack of visible flow in the intracranial
arteries may be due to an inadequate acoustic
window instead of the absence of flow.

Scintigraphic Findings and Pitfalls.—Findings
that are indicative of no effective cerebral perfu-
sion include a lack of activity in the distribution
of the anterior and middle cerebral arteries dur-
ing the angiographic phase and in the superior
sagittal sinus immediately after the first pass

of the radiotracer. For studies performed with
9mT¢ pentetic acid, no radiotracer activity or
only faint activity in the superior sagittal sinus on
static images is indicative of the absence of effec-
tive cerebral perfusion if the initial angiographic
phase images show no cerebral perfusion. On
delayed images obtained with **™T'c bicisate or
99mT ¢ exametazime, both of which are retained in
perfused brain tissue, an absence of radiotracer
activity in the cerebrum is also indicative of a lack
of effective perfusion (Fig 11).

Several technical considerations are important
for accurate scintigraphic evaluation of brain per-
fusion. The initial injected bolus must be clearly
visualized in transit through the common carotid
arteries during the angiographic portion of the
study to achieve a technically adequate study.
Foci of activity in the soft tissues of the face (eg,
“hot nose”) and scalp may be mistaken for focal
activity in the brain, particularly if these tissues
are hyperemic because of trauma or surgery.
Although *°™T¢ bicisate and °*™Tc exametazime
are normally trapped in viable perfused brain
tissue and the absence of activity in the brain on
delayed images is suggestive of a lack of effec-
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tive cerebral perfusion, a review of angiographic
phase images is critical to avoid misdiagnoses due
to a lack of trapping because of radiopharmaceu-
tical instability, extravasation of the radiotracer
during its injection, or use of an inappropriate
radiopharmaceutical. There are rare reports of
observations of intracranial perfusion in patients
with extensive liquefactive necrosis of the brain,
in children with incompletely ossified skulls, and
in adults with open head injuries, presumably
because the resultant decreases in intracranial
pressure allowed continuous flow through the
intracranial arteries (37,41,42). There is currently
no clear evidence indicating that these lipophilic
agents allow improved diagnostic accuracy. Stud-
ies performed with *™Tc pentetic acid can be re-
peated in close succession if the patient’s clinical
condition changes. However, activity from *°Tc
bicisate and *™T'c exametazime is retained in the
brain for a prolonged period and is likely to con-
found repeat studies performed too soon after the
first administration of one of those agents.

CSF Shunt Scintigraphy

Clinical Indications in the Acute Care Set-
ting.—Scintigraphic assessment of CSF shunt
patency is typically performed in the acute care
setting when there are clinical reasons for sus-
pecting that the shunt is malfunctioning (43,44).
Initial clinical manifestations may be relatively
nonspecific and may include headache, lethargy,
and difficulty concentrating. The most common
shunt systems are ventriculoperitoneal and ven-
triculoatrial shunts, although other configurations
(eg, ventriculopleural, lumboperitoneal) may be
encountered. Obstruction is the most common
cause of CSF shunt malfunction, and obstruc-
tions most often occur in the shunt catheter. CSF
scintigraphy is typically performed when there
are clinical grounds for suspecting that the cath-
eter system is obstructed.

Imaging Modalities and Radiopharmaceuti-
cals.—The initial imaging evaluation for sus-
pected CSF shunt malfunction is typically a
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Figure 11. Evaluation of cerebral perfusion at **™Tc—pentetic acid scintigraphy in an 18-year-old male patient who
was ejected from a car. (a-d) Selected anterior images from an initial perfusion study show flow in the common
carotid arteries and external carotid arteries (a), middle cerebral arteries (arrowhead in b), and brain capillaries (c).
Activity is seen in the superior sagittal sinus on both the dynamic image (¢) and the static image (arrowhead in d).
(e-h) Corresponding images from a repeat study performed a few hours later show flow in the common carotid arter-
ies and external carotid arteries (e), but not the middle cerebral arteries (arrowhead in f) or the brain capillaries (g).
No activity is seen in the superior sagittal sinus on the dynamic image (g) or the static image (arrowhead in h). Find-

ings in e-h indicate a lack of effective cerebral perfusion.

series of radiographs (shunt series) to evaluate
the entire course of the shunt catheter system for
disconnections or discontinuities. Many patients
with an acute onset of signs of possible CSF
shunt malfunction are evaluated with nonen-
hanced head CT. Although a finding of interval
ventricular enlargement supports the diagnosis of
shunt obstruction, ventriculomegaly and hydro-
cephalus may not be present.

Preservative-free *™T'c pentetic acid and *°™Tc
pertechnetate are the radiopharmaceuticals pre-
ferred for use in CSF shunt scintigraphy.

Scintigraphic Imaging Findings and Pitfalls.—
Shunt patency can be established by observing
spontaneous flow of the radiotracer from the in-
jection site to the distal end of the shunt catheter,

with evidence of transit of the radiotracer out of
the distal catheter tip. In normal studies, this pat-
tern of flow is typically observed 10—15 minutes
after the radiotracer injection. For ventriculoatrial
shunts, the shunt catheter should be visualized to
the level of the right atrium, and activity should
be seen in the kidneys and bladder after the radio-
tracer reaches the heart and enters the systemic
circulation. For ventriculoperitoneal shunts, free
spillage of activity into the peritoneal cavity should
be visualized to exclude an obstruction or localized
fluid collection at the distal shunt tip. Reposition-
ing the patient several times in the right and left
decubitus positions may be useful to demonstrate
free movement of activity in the peritoneal cavity.
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Figure 12. Evaluation of CSF shunt patency at **"Tc—pentetic acid scintigraphy in a 30-year-old woman with a head-
ache after shunt placement to treat a myelomeningocele. (a) Selected right lateral images show persistent focal activity
at the injection site (arrows), a finding that represents soft-tissue infiltration by the radiotracer. Lack of visualization of
the distal limb of the shunt could be mistakenly interpreted as evidence of shunt obstruction. (b) Additional anterior
image of the abdomen shows activity in the kidneys and bladder, a finding produced by absorption of the radiotracer
infiltrate from soft tissue into the circulation. (c) Selected right lateral and anterior images from a repeat study per-
formed 1% hours later show radiotracer activity at the injection site (arrow) and rapidly ensuing visualization of the
distal limb of the shunt. (d) Anterior image of the abdomen shows free flow of the radiotracer in the peritoneal cavity.
A = anterior side, ANT = anterior view, L = left side, P = posterior side, R = right side, RT LAT = right lateral view.

Failure to observe the transit of radiotracer
activity through the shunt system despite upright
positioning of the patient and pumping of the
shunt reservoir is suggestive of shunt obstruction.
However, false-positive findings of shunt obstruc-
tion can occur if the radiotracer is injected into
the soft tissues adjacent to the shunt system (Fig
12) (43). Misinterpretation can be avoided by
observing radiotracer activity in the renal collect-
ing systems and bladder despite a lack of radio-
tracer transit through the shunt catheter. Delayed
but complete transit of activity through the shunt
system is more difficult to interpret and may be

due to partial obstruction of the shunt system, a
decreased driving pressure for CSF flow, or shunt
valves set to open at inappropriately high pres-
sures. Withdrawal of CSF before or during the
radiotracer injection also may simulate obstruc-
tion by decreasing the CSF pressure in the shunt
system below the pressure required to trigger
valve opening.

Conclusion
The use of nuclear imaging studies for selected
acute clinical indications provides valuable di-
agnostic information that often has important
implications for patient management. The func-
tional information from nuclear imaging studies
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complements the anatomic information obtained
with standard modalities such as US, CT, and
MR imaging. Awareness of appropriate indica-
tions for nuclear imaging studies as well as the
limitations and potential pitfalls of such studies in
the acute clinical setting is necessary for optimal
image acquisition and interpretation.
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Page 378
Premature discontinuation of cholescintigraphy in a patient with a biliary perforation or a bile leak may
lead to a false-negative interpretation.

Page 382

Activity in the urinary tract, especially the ureters and bladder, also may simulate radiotracer extrava-
sation into the GI tract. Lateral or “tail-on-detector” views can be helpful to distinguish these normal
structures from rectal bleeding.

Page 386
For the imaging evaluation of renal transplants, scintigraphy alone does not allow reliable differentiation
between arterial and venous compromise, and renal Doppler US may be useful for this purpose.

Page 390

When the ventilation portion of a pulmonary ventilation-perfusion study is performed with an aerosol,
the count rate of the *™Tc-MAA activity (measured as counts per minute) in the perfusion portion of the
study must be at least four times the count rate of the activity in the ventilation portion of the study. Veri-
fication of the count rates allows the detection of an inadequate number of injected ***Tc-MAA particles,
which may be indicative of extravasation of the injected radiopharmaceutical.

Page 392
The initial injected bolus must be clearly visualized in transit through the common carotid arteries dur-
ing the angiographic portion of the study to achieve a technically adequate study.



