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system, is then recorded by computer-generated curves
as a function of time. If the collecting system is dilated
but not obstructed, at least 50% of the activity will
wash out from the collecting system by 15 minutes
after intravenous administration of the furosemide.
This study is relatively noninvasive and provides re-
sults that correlate well with those of the Whitaker test.

If enough renal parenchymal disease is present to
limit the ability of the kidney to increase its urine flow
in response to diuretics, the furosemide renogram
could be falsely positive for partial obstruction and
this constitutes the major limitation of the technique.
In the presence of dilated collecting system(s), by ex-
panding the study to a furosemide renogram it will be
possible to differentiate obstructive from nonobstruc-
tive uropathy. In most cases this will obviate the need
for a confirmatory Whitaker test.

MICHAEL G. McCALLEY, MD
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Indium 111-Labeled Leukocyte Scanning
LEUKOCYTE SCANNING using indium 111 is now estab-
lished as a valuable technique for detecting acute in-
flammatory processes. Accurate identification and non-
invasive localization of abdominal and occult abscesses
are the primary indications for doing this study. It has
been proved conclusively that the "11In-labeled leuko-
cytes retain their viability and function while concen-
trating avidly in areas of abscess and inflammation.
The labeling technique is simple and efficient and can
be incorporated into most nuclear medicine depart-
ments. Both autologous and heterologous cells have
been used successfully. The radiolabeled leukocytes
are not excreted through the bowel or kidneys, which
offers a significant advantage over gallium 67 scan-
ning. The study is generally completed within 24 hours,
and large series consistently report sensitivities, spe-
cificities and accuracies greater than 90%. The llIn-
labeled leukocyte scan is most valuable in a patient
suspected of harboring an abscess or an acute inflam-
matory process without focal signs or symptoms. A
negative result is strong evidence against the presence
of a significant inflammatory process, while a positive
result can expedite diagnosis and therapy.
The areas of greatest clinical use thus far include

suspected abdominal abscesses without focal signs to
indicate their location, postoperative patients, occult
abscesses outside the abdomen, inflammatory bowel
disease and bowel infarction. Conditions in which the
leukocyte scan has proved to be less useful include
pyelonephritis, bone and joint disorders (with the pos-
sible exception of acute osteomyelitis), bacterial endo-
carditis and fungal, parasitic and chronic infections.
Success with "'In-labeled leukocytes has stimulated

research to evaluate their possible use in interstitial
lung disease, rheumatic diseases and vascular infections.
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REFERENCES
Carroll B, Silverman PM, Goodwin DA, et al: Ultrasonography and

indium 111 white blood cell scanning for the detection of intraabdominal
abscesses. Radiology 1981 Jul; 140:155-160
Dutcher JP, Schiffer CA, Johnston GS: Rapid migration of "'indium-

labeled granulocytes to sites of infection. N Engl J Med 1981 Mar 5;
304:586-589
Thakur ML, Gottschalk A: Experiences with indium-11 1-oxine, chap

5, Indium-l 11 Labeled Neutrophils, Platelets, and Lymphocytes. New
York, Trivirum, 1980, pp 41-50

Hepatobiliary Scintigraphy in the
Diagnosis of Acute Cholecystitis
WITHIN THE past few years a new class of technetium
99m-labeled radiopharmaceuticals has evolved and
revolutionized the diagnostic examination of patients
who may have acute cholecystitis. Loosely referred to
as "HIDA" (the US Pharmacopeial Convention code
designation for lidofenin), these compounds have be-
come the standard for hepatobiliary imaging. Of the
HIDA compounds, diethyl-iminodiacetic (IDA) and
diisopropyl-IDA have been found most satisfactory be-
cause of their comparatively better pharmacokinetics
and decreased fractional renal excretion.

Patients appropriately selected for HIDA scans are
those suspected of having acute cholecystitis because
of typical signs and symptoms of the disorder, includ-
ing right upper quadrant abdominal pain, fever, leuko-
cytosis and so forth. After a negative history of cho-
lecystectomy is obtained and the patient has fasted for
two hours, HIDA is injected and images taken serially
with a scintillation camera for up to two hours if neces-
sary. A normal gallbladder will appear 30 minutes to
an hour later. If the gallbladder does not appear, cystic
duct obstruction and associated cholecystitis are in-
ferred. From reported series (including more than
1,000 patients) the sensitivity and specificity in this
study exceed 95% even with serum total bilirubin
levels of up to 4 mg per dl.

Certain cautions are advisable in inferring cholecys-
titis from HIDA scans. A loss in specificity, which may
be considerable, can occur under some circumstances.
For instance, the test has been found to be undepend-
able in poorly nourished patients, especially in those
who have alcoholism, those persons subjected to fast-
ing of more than one day's duration (such as patients
receiving long-term intravenous hyperalimentation) and
in patients with total serum bilirubin levels of greater
than 4 mg per dl.
A comparison between ultrasonography and HIDA

scans in diagnosing acute cholecystitis has led to ani-
mated discussions, but with the above cautions, a sub-
stantial majority of experts agree that HIDA scans are
superior to ultrasonography in spite of an approximate
20% cost savings of the latter. This is because ultra-
sonographic characteristics of acute cholecystitis are
nonspecific-that is, not all patients with gallstones
have acute cholecystitis; also, the cystic duct may be
blocked without stones identified in the gallbladder by
ultrasonography. Additionally, ultrasound studies can-
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not be technically interpreted in some cases (for in-
stance, gallbladder not identified, overlying gas or
dressing precludes ultrasonography). In conclusion,
HIDA scans can be recommended as the single test of
choice in objectively documenting the presence of acute
cholecystitis. R. S. HATTNER, MD
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Thallium 201 Myocardial Imaging in the
Diagnosis of Coronary Artery Disease
THALLIUM 201 stress scintigraphy has now been widely
accepted as an important clinical tool that substantially
improves the accuracy in diagnosing noninvasively the
presence, extent and severity of coronary artery dis-
ease. The 201T1 tracer is administered during peak
exercise. The immediate post-stress images reflect
regional myocardial blood flow, whereas the delayed
images-that is, recorded four hours later-reflect
myocardial viability. A transient defect (one that re-
solves from the early to the late images) represents
stress-induced ischemia, whereas a persistent defect
usually represents myocardial scars. Because the 201TI
distribution in myocardium reflects the pathophysio-
logic consequences of coronary stenosis on myocardial
blood flow rather than on the coronary anatomy, the
test provides functional information that is not avail-
able through routine coronary arteriography. Com-
pared with electrocardiography (ECG), images ob-
tained with the use of 201TI yield accurate information
on location, extent and number of myocardial seg-
ments affected by ischemia as well as the presence of
necrotic or scar tissue, information that is of consid-
erable prognostic value in patients with ischemic heart
disease.

The sensitivity (80% ) and specificity (91% ) of
201T1 stress testing for detecting coronary artery disease
are considerably higher than those of electrocardio-
graphic stress testing (60% and 81%, respectively).
An important consideration for the clinical use of 201T1
stress scintigraphy is that the probability of coronary
artery disease developing in a given person after the
test largely depends on the pretest probability as de-
termined by age, sex, symptoms and risk factors. Thal-
lium 201 stress testing affects the probability of disease
only little in patients with a high pretest probability.
Routine diagnostic use of the test therefore does not
appear justified in this particular patient population.
By contrast, the test considerably alters the probability
of coronary artery disease in patients with a moderate
pretest probability. Accordingly, the exercise 201T1 scan

is clinically indicated in patients who have (1 ) typical
chest pain but no resting or stress ECG abnormalities,
(2) abnormal findings on stress ECG but no symp-
toms, (3) atypical chest pain and equivocal results of
stress ECG and (4) known ischemic heart disease con-
sidered for surgical treatment in order to gain addi-
tional prognostic information before and after opera-
tion, and to assess the physiologic significance of a
questionable coronary artery lesion seen on angiog-
raphy. Other indications for 201TI stress scintigraphy
are exercise-induced chest pain but normal or minimal
lesions of coronary arteries. In these patients, an inap-
propriate vasoconstriction (coronary vasospasm) elic-
ited by exercise may be responsible for the anginal
symptoms. Thallium 201 may then be a useful tool
for clarifying the underlying pathogenetic mechanism
of ischemia. OBERDAN PARODI, MD
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Detection of Skeletal Metastasis-A
Rational Approach to the Use of
Nuclear Bone Imaging and Radiography
SINCE THE ADVENT of technetium Tc 99m phosphate
bone-seeking radiopharmaceuticals, the relative effi-
cacy of scintigraphic bone scanning and x-ray skeletal
survey has been extensively investigated. There is sub-
stantial agreement about the results and the clinical
implications of several published studies, and it is im-
portant for practicing physicians to be aware of these
findings so that they may apply them more efficiently
and economically in practice.

Nuclear bone scanning is significantly more sensi-
tive than x-ray studies in detecting metastatic bone
lesions. In considering metastatic lesions of all origins,
the nuclear scan will detect about 80% more lesions
than radiography, whereas only about 2% of lesions
seen radiographically will not be detected on the nu-
clear study. Most of the cases missed by nuclear bone
scanning are due to specific conditions. Given the
clearly superior sensitivity of nuclear bone scanning
compared with radiology in the detection of metastasis,
together with the fact that this procedure is less labo-
rious and involves less radiation to patients, it is, in
most instances, the method of choice in the screening
of patients for metastatic bone disease. It has been
shown that areas that are positive on bone scan fre-
quently take from 6 to 18 months to be noted radio-
logically.

While a nuclear study is extremely sensitive, positive
findings are often not specific enough to make a diag-
nosis of metastatic disease with certainty. It is there-
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